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PREFACE 



Snakes have always been of more than casual interest to 
the layman, and the extensive literature dealing with them 
witnesses the more than ordinary appeal they have to the 
professional naturalist. The United States is fortunate, com- 
pared with Europe, in the richness of its snake fauna. Yet 
until recently there has been no book to which the interested 
amateur could turn with confidence for answers to his ques- 
tions as to identification, habits, or behavior. Very recently 
there has been a burst of interest in handbooks of snakes, 
and no fewer than two have appeared while the present 
volume was in preparation. We believe, however, that our 
book differs so greatly from those in scope or nature of 
treatment, or both, that there is surprisingly little duplica- 
tion. 

In the past, study of American snakes has dealt chiefly 
w 'th taxonomic problems. We believe that as purely taxo- 
nomic problems become less productive, interest will grad- 
ually. shift to topics of broader biological interest. With 
this in mind, we have placed particular emphasis on life 
history, habits, behavior, and ecology. Description has been 
restricted to what is necessary for identification of speci- 
mens. 

This book is quite naturally largely a compilation from 
the hundreds of individual studies and notes of observations 
that have been published by those interested in snakes. It 
rests on an extensive card index of this literature, which is 
widely scattered through technical journals and scientific 
publications of institutions and learned societies. Inclusion 
of references to authorities for all statements would have 
made the text cumbersome and unreadable, but nearly every 
statement of fact is based on careful consideration of all 
that is known on that topic. References have been included 
where it seemed desirable, and these are supplemented by 
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xii PREFACE 

complete citations to important or comprehensive papers, I 
which will serve to introduce the serious student to the tech-| 
nical literature. 

The fourth (1939) edition of Stejneger and Barbour’sl 
Check List oft North American Amphibians and Reptiles! 
has been followed in matters of arrangement and nomen-[ 
clature, except that the Lower California forms have been! 
omitted. The few deviations from the check list are usually! 
explained in footnotes. Twelve forms described since the! 
appearance of the check list have been included. These are :l 
Leptotyphlops humilis utahensis Tanner (1938), Lcptoty-\ 
phlops humilis segregus Klauber (1939), Opheodrys vernalisi 
blanchardi Grobman (1941), Salvadora lineata Schmidt! 
(1940), 5 ". hexalepis deserticola Schmidt (1940), Coluber I 
constrictor priapus Dunn and Wood (1939), Phyllorhynchusm 
decurtatus nubilis Klauber (1940), P. broumi lucidus Klau-f 
ber (1940), Elaphe williamsi Barbour and Carr (1940), 
Elaphe znilpina gloydi Conant (1940), Thamnophis ordinoiden 
gigas Fitch (1940), and Natrix harteri Trapido (1941). 

Unfortunately there is no “check list” of common namesl 
of snakes, and these names, which are likely to be mostl 
used by the amateur, have presented the usual difficulties! 
Our policy has been to use names that have become estab-f 
lished through usage wherever possible, even when they arel 
somewhat inappropriate or misleading. Thus some may ob-| 
ject to our use of “worm snakes” for Carphophis instead 
of for Leptotyphlops, or to the term “milk snake,” but ex-| 
perience has shown that “book names” seldom gain widq 
acceptance. 

We consider ourselves fortunate in having secured thd 
services of Mr. Albert A. Enzenbacher, of Chicago, as artistl 
Snakes are notoriously difficult to draw and paint coni 
vincingly, and we believe that Mr. Enzenbacher’s work il 
an outstanding contribution to the illustration of these creal 
tures. Miss Elizabeth Story has contributed a number oil 
drawings, especially to illustrate technical details, and hel 
aid has been invaluable in lettering and preparing the illus| 
trations for the press. 

The photographs (by the junior author, except wherd 
otherwise credited) were made on a ground-glass back! 
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ground in order to eliminate anything that would obscure the 
outlines or pattern of the snake. A 4 x 5 Graflex with an 
f 6.3 Bausch and Lomb Protar lens was used for all but a 
few. In most cases where it was desirable to show the belly 
pattern the snake was lightly anesthetized. Mrs. Dorothy 
Foss has been helpful on many Saturday afternoons in the 
course of the photographic work. 

Many persons have aided in the preparation of this book, 
and we take this opportunity to thank them. Our museum 
associates have been helpful, and the Chicago Natural His- 
tory Museum collections and library have been drawn upon 
constantly. We are particularly obliged to the Chicago Zoo- 
logical Society; to Mr. C. B. Perkins of the Zoological So- 
ciety of San Diego; to Dr. H. K. Gloyd of the Chicago 
Academy of Sciences ; to Mr. Ross Allen of Ocala, Florida ; 
to Dr. C. S. Smith of San Marcos State Teachers College; 
to Dr. Leo T. Murray of Baylor University; to Mr. J. E. 
Johnson, of Waco, Texas; and to Mr. C. M. Barber, of Hot 
Springs, Arkansas, for gifts or loans of living snakes for 
photographing. Dr. Gloyd has also kindly supplied photo- 
graphs from his albums, and we have consulted him on va- 
rious topics in the course of the work. Mr. L. M. Klauber of 
the Zoological Society of San Diego generously supplied the 
photographs credited to him, and Mr. Charles T. Vorhies of 
the University of Arizona supplied the specimen of the rare 
Oxybelis microphthalmus from which the drawings were 
made. 

For aid in the preparation of the manuscript we are in- 
debted to Miss Margaret Bauer and to Miss Peggy Codings, 
and to Miss Merle A. Quait, who has retyped the entire 
manuscript in its final form. 

We are much indebted to L. M. Klauber, E. R. Dunn, 

oger Conant, M. Graham Netting, and Reeve M. Bailey, 
and to other colleagues who have called our attention to 
errors of fact and of omission, to misprints, and to the lap- 
sus whereby we recorded the boa constrictor from Iowa. 



Chicago, Illinois 
May, i 944 



Karl P. Schmidt, 
D. Dwight Davis. 




THE PLACE OF SNAKES IN 
NATURE 



The dangerous nature of a few poisonous kinds of snakes 
so powerfully affects the popular imagination that many 
people have difficulty in thinking of snakes as anything but 
dangerous, and, by association, loathsome. This is not at all 
the naturalist’s attitude toward them. His interest in them 
is not different from that of a student of birds in his birds. 
Snakes, when dispassionately observed, prove to be beautiful 
and graceful creatures ; and while it is true that they feed 
on other animals, so, after all, do the robins. 

“Xatural History” consists of studies of animal and plant 
life from the point of view of rather general and popular 
interest, and in recent years the value of studies of the re- 
lations between animals and plants and their surroundings, 
or with each other, has come to be recognized as a distinct 
science, ecology; this is really rather directly derived from 
the somewhat old-fashioned natural history. A naturalist 
(or an ecologist) trying to formulate his ideas of the place 
of snakes in the vast economy of nature might think some- 
what as follows. 

Snakes give the impression of a group of animals that 
has had an evolutionary success. In the first place, there are 
a great number of living species. Secondly, these species 
prove to have invaded all of the principal kinds of environ- 
ment; there are tree snakes that rarely come to the ground, 
burrowing snakes that rarely appear above it, water snakes 
that outswim even the fishes, and of course the great central 
group of terrestrial snakes that live mainly on the surface 
of the ground but may climb or burrow or swim in varying 
degree. In all these different modes of life they compete 
successfully with other forms of life or prey upon them, 
and thus, thirdly, they are successful in that they exhibit 
great numbers of individuals. It may be pointed out also 
that they are considerably more abundant in the northern 
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parts of the temperate zone than are lizards, or indeed, any 
other reptiles. Finally, they persist in regions greatly modi' 
fied by civilization. 

The great abundance of individual snakes is not usually 
conspicuous, but anywhere where an intensive search is 
made for them they are likely to be discovered in some 
numbers. These populations increase greatly toward the 
tropics, as does the variety of different species, and also, in a 
broad way, the maximum size. 

The fact that snakes are all carnivorous and predatory 
fixes their role in the general economy of nature. The ex- 
istence of great numbers of snakes depends on an available 
food supply. Snakes are, in fact, specifically adjusted to 
swallowing whole animals that are considerably larger than 
their own diameter ; and this, with their efficient locomotion, 
enables them to feed on a host of small vertebrates — on 
mammals of the size of rats and mice, on small birds and 
nestlings of larger ones; and on frogs and toads, lizards, 
and, finally, other snakes. The great majority of snakes the 
world over are of medium size, or small, and only a fe\V 
of the tropical giants (the boas and pythons) are able to 
take prey as large even as a half-grown pig. It is true that 
a good many of the small snakes feed on insects or other 
invertebrates, sometimes exclusively on some special group, 
such as snails. 

Snakes, with their considerable number of individuals, do 
of course provide food for other predators, and a consider- 
able number of species of snakes have even turned to eating 
other snakes. This attracts great popular interest, especially 
when a harmless snake is observed to feed upon poisonous 
ones, as is the case with the king snakes of North America.* 
Animals that habitually prey upon snakes are especially cer- 
tain hawks, and the skunks and their allies among the 
weasel tribe. In other parts of the world other distinct types 
of animals are well known as snake-eaters — the hedgehog 
in Europe and the mongoose in the tropics of Asia and 
Africa. 

The larger poisonous snakes are dangerous to hunters and 

* We do not refer to such snake-eating habits as cannibalism; this 
term should be restricted to the eating of one’s own species. 
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other outdoorsmen, and children may be killed by the bite 
of even the smaller poisonous species. Accidents from snake 
bite are relatively rare, but it is not surprising that relent- 
less war is waged by man against the poisonous forms. The 
naturalist’s regret is that the killing of such snakes is 
largely indiscriminate, including the harmless little insect- 
eating green snake equally with the banded rattlesnake. It 
Is remarkable that a few poisonous snakes persist even close 
to great cities — the copperhead along the Palisades of the 
Hudson and the massasauga within fifty miles of Chicago. 
Extermination of poisonous snakes is often promoted by 
the payment of bounties. In the United States these bounty 
payments are often made for any snake-head brought in, 
so that statistics about the abundance of poisonous snakes 
from this source would require discount. In older and more 
thickly settled countries the offer of a bounty is likely to 
lead to some form of snake breeding. Active campaigns of 
extermination against rattlesnakes are most effective when 
directed against their hibernating dens. 

Far more effective in the reduction of the numbers of 
snakes than active campaigns of snake killing are the 
changes of environment brought about by the agricultural 
operations of man. Modern mowing machinery, for example, 
is especially destructive to the larger and bolder snakes, 
such as the blue racer or rattlesnake. Such snakes raise 
their heads and face any oncoming mower or reaper to 
their inevitable destruction. As another example, the prairie 
region of northern Illinois has undergone a major change 
of the environment brought about by tile draining of the 
land, which has brought with it the draining of the prairie 
sloughs. The drainage of the sloughs has wiped out their 
great populations of frogs and salamanders, and thus also 
destroyed the snakes that preyed upon these creatures. 

Increase of a few kinds of harmless snakes under agri- 
cultural conditions may be suspected from the abundance of 
small secretive species such as De Kay’s snake and the 
smooth green snake in the vacant lots and defunct subdi- 
visions of our cities. This abundance even extends to the 
larger earthworm-eating garter snakes. 

The direct importance of snakes to man is relatively 
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slight, though there may be chains of cause and effect tf 1 
which they affect human life more or less remotely. The 
larger snakes unquestionably do play a part in restoring the 
so-called “balance of nature” (which is so much unbalanced 
by agricultural man) in the control of the host of field mice 
which live in grain and hay fields. The abundant bull 
snakes of the western prairies and plains are perhaps the 
most important single group of such rodent eaters. 

A relation between snakes and man that affects man ad- 
versely depends on human psychology and not on the snakes. 
Even after a generation of effort on the part of naturalists 
to combat the popular prejudice against snakes and to edu- 
cate the public to the distinction between harmless snakes 
and dangerous ones, there is still widespread fear and 
horror of the most harmless forms in the minds of the 
majority of people. This is plainly a useless and harmful 
burden for the human mind. The absence of fear and the 
obvious interest displayed by young children who are shown 
harmless snakes contrasts extraordinarily with the hysterical 
behavior of those who have been frightened by their elders. 

Snakes form a part of the great web of animate nature, 
and should no more be killed wantonly than should birds, 
or any other living creatures. 



FOLKLORE OF SNAKES 



The widespread fables about snakes are of considerable in- 
terest and importance to anyone genuinely interested in the 
study of these creatures. The student of snakes is certain 
to be confronted with the choice between offending someone 
who tells him one or more of the familiar snake stories in 
perfect good faith, or failing to speak up for his conviction 
that the story is not true. The counter-contradictions of the 
scientific attitude with reference to the story of a snake 
rolling like a hoop and provided with a poisonous sting in 
its tail once grew so acrimonious in a newspaper column, 
during a controversy in which we were involved as the skep- 
tics, that we finally closed the argument by offering a cash 
reward of a thousand dollars for a snake with such a tail 
sting and an additional thousand if it should roll like a 
hoop. Rewards were never claimed, and the argument lan- 
guished. 

There is a great body of popular misinformation about 
snakes that borders upon folklore. Thus it is widely be- 
lieved, but certainly not true, that all snakes are poison- 
ous ; * that snakes are “slimy” ; that they “sting” with their 
tongues ; that the killing of a snake will be avenged by its 
mate ; that the age of a rattlesnake in years corresponds to 
the number of rattles ; that snakes “charm” their prey ; that 
whisky is a cure for snake bite; and so on. There is a host 
of other beliefs regarding remedies for snake bite; and an 
equally astonishing number of uses of snakes and parts of 
snakes in medicine. The use of “snake oil” for rheumatism, 
for example, persists to the present day. 

The more elaborate and widespread snake stories which 
assume the proportions of myths are the milk snake story, 
the story that mother snakes swallow their young for pro- 
tection, and the glass snake story. 

The first of these myths tells of snakes sucking cows in 

Actually, of the 223 snakes of the United States and Canada. 
nl y 52 are poisonous and only 36 of these are at all dangerous. 

7 
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the pasture, so that the cows fail to give their proper quot* 
of milk at milking time. The story rests, apparently, simply 
on the presence of snakes in pastures and the all too-fre- 
quent failure of milk in cows. Snakes have been observed 
to drink milk set out for the cat, and occasionally enter 
barns for mice. When the belief that snakes suck milk from 
cows, based on this inadequate background, has once arisen, 
witnesses to the actual sucking of the milk from the cor* 
soon follow. These “eye-witness” accounts almost invariably 
have an evidential defect — they relate an event long past. 

A number of objections to the story have been raised by 
scientists who do not believe it. The presence of rows ot 
needle-sharp teeth in the mouth of all of our larger snakes 
tells against the possibility that a cow would permit herself 
to be sucked. The snake of the eastern states most taxed 
with this story, which is in fact usually known as the “milk 
snake,” is far too small to hold sufficient milk to account 
for the amounts in question in the story in its familiar form. 

A remarkable version of the milk snake story known from 
Brazil tells of the snake’s entering the huts of country 
people and taking milk from human mothers. 

The story that mother snakes take their young into the 
mouth and throat for protection from approaching danger 
is even better attested by eye-witness stories than the milk 
snake fable. It is attached to a great many different species 
of snakes, and is as well known in Europe as in America. 
There are some obvious objections to the story, but the most 
significant seems to be that it breaks down precisely because 
there is so much evidence for it. If this phenomenon were 
actually as common as the stories about it, there would be 
no difficulty in subjecting it to genuine proof. In many of 
the instances offered as evidence, inspection shows that a 
mother snake about to produce her young had been killed 
and her body so ruptured that the young could escape. Un- 
critical persons, and especially persons who were not aware 
that there are many snakes that bear their young alive, have 
then concluded that the young had been “swallowed.” Other 
supposed observations are quite evidently due to hallucina- 
tion, in which the observer sees what is in his mind. The 
excitement that snakes arouse in the minds of many persons 




FLATE I 





A false snake story. Black-tailed Rattlesnake cross- 
ing horse hair rope (photo by W. L. Necker). 



A true snake story. Hog-nosed Snake “playing pos- 
sum ’ after being annoyed. 
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Would certainly make them quite incapable of critical or 
a< -curate observation. The writers know of no purported 
observation of this phenomenon which is not reported as a 
childhood or otherwise remote recollection. 

The glass snake or joint snake story tells of a snake that 
d ' es to pieces when struck and later quietly reassembles its 
Parts. There is an extensive basis in fact for this story, 
which is correctly attached to a snakelike lizard. This lizard 
15 en tirely without limbs, and has a tail about twice as long 
as the body. As in many lizards, the tail is fragile and when 
broken its convulsively jerking sections occupy an enemy 
an d thus afford opportunity for the owner to make a get- 
aw ay. Since the tail is so long, the glass snake may ap- 
parently be broken at the middle. This is remarkable enough, 
and it is further true that a new tail will grow out from the 
stump. It is not true that the parts of the tail reassemble. 

More especially American fables report a snake that blows 
a deadly, or at least a violent, poison — the blow snake, puff 
adder, or spreading adder; and one with a poisonous sting 
'u its tail — the stinging snake or hoop snake. The tale of 
ue rattlesnake fang in the boot is, of course, also purely 
American. 

The blow snake proves to be due simply to uncritical 
servation and nervousness. The snakes of the genus 
c terodon all spread their necks flat (whence the name 
spreading adder), inflate their lungs, and hiss and puff while 
unging at an attacker (whence puff adder). This behavior 
can readily be shown to be purely a bluff. The conclusion 
at a poisonous vapor is blown out may rest on an occa- 
smnal case of illness induced by nervousness and fright. 
* is highly remarkable that the blow snake, when still 
rther molested, and especially if actually injured, gives 
l ’P the blowing and menacing tactics altogether, and plays 
dead - (Seep. 117). 

The hoop snake story is pure myth with a much more 
5 ender observational basis. In the southern states it is now 
regularly attached to two conspicuously colored but rarely 
served large snakes, the rainbow snake (shown on our 
r °nt is piece) and the mud snake. These snakes have a sharp 
c °njcal scale at the tip of the tail, and when held in the 
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hand may be seen to make exploratory pricks with this 
spine. This, together with the rarity of the snakes, seems 
to be the sole background of fact for the stories of a stinging 
snake, with a deadly tail sting, on which is built the elabora- 
tion that it takes its tail in its mouth and rolls like a hoop. 
The senior author once traced these stories through all the 
available historical records, and found the hoop snake story 
developed at a much later date than that about the stinging 
snake. 

The story of the rattlesnake fang embedded in the boot 
of a man who died from being bitten in the foot goes on to 
relate that the man’s infant son grows to manhood, and 
finding a pair of his father’s boots in the attic, puts them on 
and in turn dies from the venom remaining in the fang. In 
the most elaborate form of the story, the fang is not dis- 
covered until the grandson in his turn is poisoned by it, but 
recovers and pieces the story together. It may be doubted if 
anything but a very slight case of snake poisoning would 
result from the scratch from a venom-filled fang. Even here 
there is the slight factual basis that snake venom preserves 
its poisonous properties when dry. 

The collection and critical study of the folklore of snakes 
may be made an interesting by-product of more serious 
studies of snakes. The reader may be referred to the senior 
author’s pamphlet, “The Truth about Snake Stories,” in 
which he will find a few further bibliographic references; 
or to Rheua \ aughn Medden’s scholarly, but very readable, 
history of the extensive folklore of the peculiarly American 
rattlesnakes. Miss Meddens study is provided with a very 
extensive bibliography. 

Medden, R. V., 1929-1931, Tales of the rattlesnake: from 
the works of early travelers in America. Bull. Antivenin 
Institute Amer., vols. 3-5-— Schmidt, K. P., 1925, The hoop 
snake story. Nat. Hist., vol. 23. pp. 76-80; 1929, The truth 
about snake stories. Field if us. Nat. Hist., Zool. Leaflet, 
No. 10, 19 pp. 




HISTORY OF THE STUDY OF 
SNAKES IN THE UNITED 
STATES 



The reader will find the names of the various naturalists 




who have contributed to the description of the snakes of the 



nomenclature. A glimpse of the history of this phase of the 
study of snakes will help to make these names something 
more than dead letters, and will introduce the reader to the 
historical interest that herpetology shares with every branch 
of science. The specific names themselves often honor some 
colleague or patron, or the collector of the original specimen 
on which the description is based. Such names, like the 
names of the describers, are clues to the history of the 
zoological exploration of North America. 

Knowledge of the snakes of North America was extremely 
scanty before the time of the Swedish naturalist Linnaeus, 
Who invented our system of naming animals and plants. His 
simple scheme of giving each kind or species of animal two 
names, like our own given and surnames, automatically pro- 
dded the beginnings of a classification, and established a 
] ‘st of names on permanent record, to which additions could 
be made by subsequent students. The establishment of 
nomenclature on a permanent basis stimulated travels for 
*be purpose of collecting specimens to be studied and named. 
Linnaeus’ Systems Naturae was reprinted in successive edi- 
hons; the date of the tenth, 1758, has been adopted as the 
beginning of our system of naming. Linnaeus himself con- 
tributed the descriptions of sixteen species of snakes in our 
l! st In spite of the active interest in descriptive natural his- 
,Qr y following his times, only fourteen additional species 
* r om North America north of the present boundary of 
'frxico had been described by 1820, with nine more during 



United States appended to the technical names which appear 
m our list, in accordance with an accepted rule of scientific 
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the succeeding decade. The first genuinely American stu- 
dents of snakes (and of herpetology in general) were at 
work in the eighteen-twenties, Thomas Say (1787-1834) 
and Richard Harlan (1796-1843). Their work, published in 
part by the Academy of Natural Sciences of Philadelphia, 
reflects the importance of that institution in early American 
science. Say was one of the founders of the Academy. 
Though best known as an entomologist, he described seven 
well-known species of snakes. He accompanied the govern- 
ment expedition to the Rocky Mountains under Major Long 
in 1820, and took part in the foundation of the famous 
socialist colony at New Harmony, Indiana. 

In the succeeding decades, John Edwards Holbrook (1794- 
1871) attempted the first complete illustrated account of 
North American amphibians and reptiles in his North 
American Herpetology: or a Description of the Reptiles in- 
habiting the United States. The colored plates in the first 
edition of this remarkable work, in four volumes (1836- 
1840), received some unfavorable criticism, and Holbrook 
destroyed the edition in a bonfire in his Charleston back- 
yard, failing to recall only a few copies. His second edition 
(1842), in five volumes, is well known, and may occasion- 
ally be purchased through second-hand book dealers for 
about $200. 

As we look back over the first hundred years of descrip- 
tive herpetology, our list of names of American snakes is 
seen to include those of most of the authors of gen- 
eral works on reptiles. The early “complete accounts” of 
Lacepede (1788-89) and Daudin (1802-1803), are in French 
and form parts of the ambitious project of the great 
French naturalist, the Comte de Buffon, for a natural his- 
tory of the world. It is natural enough that the next com- 
pendious account of the reptile group, the ten volumes of 
the Erpetologie Generate of Dumeril and Bibron (1834- 
1 fl54)f should be by Frenchmen. An important work of 
this early period especially on snakes is the Physionomie 
dcs Serpents (1837) by the Dutch zoologist, Hermann 
Schlegel. This was also written in French. 

With the arrival of Spencer Fullerton Baird (1823-1887) 
at the Smithsonian Institution in Washington, D. C., in 
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1850, as assistant to the first secretary, Joseph Henry, the 
exploration of North America for its vertebrate animal life 
underwent a burst of activity. Baird seized the great op- 
portunities provided by the government surveys of the West 
to promote collecting for the infant National Museum at 
Washington. His own work and his encouragement of 
promising young students, like Robert Kennicott and Charles 
Girard, added no less than fifty-seven species of snakes to 
the forms known. Kennicott’s premature death in Alaska, 
in 1865, and Baird’s preoccupation with such large affairs 
as the foundation of the U. S. Commission of Fisheries, 
left the field of herpetology more and more to others. The 
life of Baird by his pupil and associate, Dali,* affords a 
history of this period of American biology. In its pages we 
find reflected the young enthusiasm of Kennicott and learn 
to respect the indomitable and greatly unselfish character of 
Baird. 

Among others who continued the study of North Amer- 
ican reptiles in the eighteen-fifties by means of the collec- 
tions of the Academy of Natural Sciences in Philadelphia, 
tve may mention Edward Hallowell (died i860), and espe- 
cially the brilliant but erratic Edward Drinker Cope (1840- 
■898) . Cope is known equally for pioneer studies on 
Vertebrate anatomy, on fishes, and on the paleontology of 
the American West. Innumerable papers flowed from his 
facile pen, mostly at first in the Proceedings of the Phila- 
delphia Academy (his first paper was printed in 1859). He 
described no less than twenty-seven of the forms of snakes 
'n our fauna. The reader is referred to the monumental but 
Unhappily dull Cope: Master Naturalist by H. F. Osborn. 
Gope's fat volume Crocodilian*, Lizards, and Snakes of North 
America, which was published by the United States National 
Museum in 1900, two years after his death, is still an im- 
portant reference work; it should be remembered, however, 
duit manuscript notes left by the careful and accurate Baird 
compose large sections of this work. Samuel Garman, better 
Renown for his studies on fishes, produced an important 
"'ork on North American snakes in 1883 as the first part 

. * Ball, W. IT., Spencer Fullerton Baird, 461 pp., il. (Phila- 
“^Pbia: J. B. Lippincott Co., 1915). 
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of The Reptiles and Batrachians of North America, of 
which no further volumes were published. 

The contrasting character of Leonhard Stejneger (born 
1851), whose first paper on American reptiles appeared in 
1889, ushers in an essentially modern period in the study 
of North American herpetology. In that year he became 
Curator of Reptiles at the United States National Museum. 
Stejneger’s early papers were thorough and meticulous, and 
set the standard and to a large extent the form still fol- 
lowed for descriptive studies. His careful bibliographic 
researches form the background for the first “check-list” of 
North American amphibians and reptiles, published with 
Thomas Barbour in 1917. This authoritative establishment 
of nomenclature (which had fallen into great confusion 
in Cope’s era) greatly stimulated renewed herpetological 
studies; the fourth edition of the check-list (1939) is fol- 
lowed in the present work, deviations from its system being 
explained in footnotes. 

Mr. A. E. Brown, Director of the Philadelphia Zoological 
Gardens, interested himself especially in snakes, and, while 
his Review of the Genera and Species of American Snakes 
North of Mexico (1901) is now entirely obsolete, it was a 
useful work for two decades and he is remembered here 
for his descriptions of several remarkably distinct snakes. 

The single species of snake in our list described by G. A. 
Boulenger (1858-1937) affords an illustration of the extent 
to which North American herpetology had fallen into the 
hands of American students in the latter part of the nine- 
teenth century. Boulenger's long career at the British Mu- 
seum (1878-1920) was a most fruitful one for the study of 
amphibians and reptiles. His Catalogue of Snakes (1893- 
1896), an account of the snakes of the world, was especially 
weak in its treatment of the snakes of temperate North 
America, and modern American students will have no con- 
cept of the renown of Boulenger in Europe, or of the re- 
spect entertained for his work by his European colleagues. 

The work of Alexander G. Ruthven (born 1882) on the 
familiar garter snakes, published in 1908, may be regarded 
as founding an essentially new school of herpetology in the 
United States. The work was a revision of a genus, carried 
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out by the examination of large numbers of specimens, and 
evaluated largely in geographic terms. Ruthven’s influence 
at the University of Michigan, where he first became di- 
rector of the University Museum and later president of 
the University, attracted students of reptiles, and numerous 
more or less direct descendants of the “garter snake paper” 
have appeared. Through Ruthven’s most brilliant pupils, 
! Frank N. Blanchard and Helen T. Gaige, students of herpe- 
tology continued to be attracted to the University of Michi- 
gan. The preparation of a comprehensive account of North 
American snakes, embodying a great amount of original 
investigation, was interrupted by the death of Dr. Blanchard 
in 1937. It is hoped that this work may be carried to com- 
pletion by Howard K. Gloyd, who was long associated with 
Blanchard in the project. Under Blanchard’s influence the 
careful study of habits and of life histories of snakes came 
into deserved prominence. 

Others influential in the conspicuous modern rise of herpe- 
tology are Thomas Barbour, Director of the Museum of 
Comparative Zoology at Harvard; Mary C. Dickerson 
(1866-1923), formerly Curator of Herpetology at the Amer- 
ican Museum of Natural History in New York; John Van 
Denburgh, who contributed the first summaries of the herpe- 
tology of the western states; and Albert Hazen Wright, 
Professor of Vertebrate Zoology at Cornell University. One 
of the first to attempt to popularize snakes and other reptiles 
in this country was Raymond L. Ditmars, Curator of Rep- 
tiles at the New York Zoological Gardens. His famous 
Reptile Book, first published in 1907, was for many years 
1 he only non-technical reference book on the snakes of the 
United States, but it has long been out of date. 

Mr. L. M. Klaubcr, of San Diego, beginning his studies 
on the rattlesnakes and other snakes of the southwest as 
in amateur in 1924, lias introduced exactness of record and 
observation into field studies and has turned his engineering 
training to account in the application of statistical method 
to the study of snakes. He is subjecting problems of varia- 
tion and growth to a searching analysis from which we shall 
certainly derive more exact ideas regarding the definition 
of our species. 
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The name of Roger Conant appears frequently on the 
following pages because of his many contributions to our 
knowledge of the habits and behavior of snakes. Conant 
has been associated successively with the Toledo Zoological 
Park and the Philadelphia Zoological Garden, and his studies 
are an excellent example of the unique additions to our 
knowledge of snakes and other animals that a competent 
zoo man is in a position to make. His Reptiles of Ohio 
(1938) is a model state herpetology. 

The great modern development of the experimental bio- 
logical sciences has only begun to impinge on the study of 
snakes. We may mention the important experimental studies 
of snakes undertaken in the Department of Experimental 
Biology at the American Museum of Natural History by 
the late G. K. Noble (1894-1940) and others working under 
his direction. These afford checks on observational studies, 
and relate observations of skin shedding, mode of feeding, 
breeding behavior, etc., to physiologic factors. The discovery 
of the novel function of the pit of the pit vipers as a heat 
detector may serve as an example of such studies. 

The history of the investigation of the anatomy, em- I 
bryology, and physiology of snakes is beyond the scope 
of the present outline. Studies of the venom of snakes and 
the preparation of antivenins for the treatment of snake bite 
require mention; the work of Dr. S. Weir Mitchell was of 
fundamental importance, especially his volume (with E. T. 
Reichert), Researches upon the Venoms of Poisonous Ser- 
pents, 1886. The reader is referred also to the Bulletin of 
the Antivenin Institute of America (1927-1932). 

Herpetology had no journal of its own in North America 
until Copeia, which includes the field of ichthyology also, 
was founded in 1913 by John T. Nichols. At first privately 
published by Mr. Nichols as a small monthly pamphlet, 
it was taken over by the American Society of Ichthyologists 
and Herpetologists in 1924 as its official organ. In 1930 it 
was enlarged and revamped into a quarterly journal. In 
1936, Major Chapman Grant and Walter L. Necker founded 
the journal Herpetologica, which is issued irregularly and is 
devoted exclusively to amphibians and reptiles. 
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DEFINITION 
AND CLASSIFICATION 



The snakes are regarded by the authors of the present 
hook as forming one of the principal groups of living rep- 



tiles, an Order, the Serpentes* of the Class Reptilia. 

The reptiles form one of the main divisions of the back- 
honed animals, which include, in addition, the fishes and 
their relatives, the amphibians (frogs, salamanders, and 
caecilians), the birds, and the mammals. Reptiles appear to 
' have originated from ancient types of amphibians in the 
a ge of coal, and to have given rise to the birds and to the 
tnammals during the “Age of Reptiles.” Modern forms 
represent only six ** of the great number of distinct orders of 
reptiles, which include the gigantic dinosaurs, the flying 
Pterodactyls, dolphinlike marine forms, and many others, 
m °st of which flourished during past geological ages and 
ar e now long extinct. 



tor s that it is somewhat difficult to frame a formal defini- 



WHAT IS A SNAKE? 



The snakes are so closely allied to the lizards and moni- 
es that it is somewhat difficult to frame a formal defini- 
tion that completely and readily distinguishes them. This 
difficulty rests primarily on the fact that many different 
t>'Pes of lizards are limbless or nearly so. Snakes are dis- 
tinguished from all lizards by the fact that the two halves 
°* the lower jaw are separated, connected only by an elastic 
i’gament; and the great majority of snakes are at once 
'Tstinguished by their transverse ventral plates. 



Snakes may be defined as elongate, scaly reptiles without 
'iibs or with the vestiges of hipd limbs only, without mova- 
. e eyelids, without ear-opening, with an elongate, deeply 
°rked, and retractile tongue, with a transverse vent and 



^ntiT* lCrm Of* ^*<1 ia is obsolete, but is still familiar in popular 
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paired organs of copulation, and with the two halves of the 
lower jaw independently movable, connected in front by afl 
elastic ligament. Most snakes have straplike transverse 
scales, the ventral plates, extending from side to side on 
undersurface of the body. 

The structure of a typical snake enables it to mo' 
rapidly, with a sinuous gliding motion, and to swallow who 
prey much exceeding its own diameter. Locomotion is aC 
complished by throwing the body into lateral undulation-- 
by movement of the transverse ventral plates, or by bo • 
The swallowing of animals of relatively large diameter 
accomplished by the extremely loose architecture of 
skull, in which the lower jaws are not only separately mo' a _ 
ble, but are hinged to the skull by three joints instead 0 
one, and in which the tooth-bearing bones of the upper J a ^ 
are also independently movable. This structure makes P 05 * 1 
ble the great expansion of the gape; the absence of 1 
breast bone and the elasticity of the skin between the scale 5 j 
together with elongation of the heart and other i nterr f, 
organs, permits the further passage of the food to 
stomach. 

MAJOR KINDS OF SNAKES 

Since the deadly venom of certain types of snakes 
so profound an impression, it is not surprising that the car 
classifications of the snakes were primarily into poison 0 ^, 
and non-poisonous. It is now clear that this leads to 
artificial grouping, and that some of the poisonous sna 
are only very slightly poisonous, while, of the extreme - 
poisonous types, the cobras and coral snakes are very ^ 
ferent from the vipers and pit vipers. Employing what 
regard as the more fundamental anatomical characters 
sentially following the classification of G. A. Bouleng t>r , 
the Order Serpentes is found to be divisible into eight^ 11 ^ 
families, of rather unequal importance and very uneq'-* a 
their number of species. These families are : 

— " — ; — vcrJ l 

num J ) ' r °A Emilies is arrived at by the elevation 
of Boulenger s subfamilies to family rank. The ending °f,, 51 i: n d 

V s - ,n 7 '"Stead of -idar; hence the reader .will ^ bJ 
colubnd snakes of our system referred to as the colubnnc sna*c 
many authors. 
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Typhlopidae Blind Snakes (Tropics of both 

hemispheres) 

^ptotyphlopidae Slender Blind Snakes (Chiefly 

Africa and America) 

hoidae Boas (Chiefly tropical America) 

Pythonidae Pythons (Chiefly tropical Old 

World) 

^nilidae False Coral Snakes (South Amer- 

ica and East Indies) 

^-’ropeltidae Shield-tailed Snakes (South India 

and Ceylon) 

^enopeltidae Mud Snakes (Southeast Asia) 

'chrochordidae Oriental Water Snakes (Southeast 

Asia and East Indies) 

^lubridae Typical Harmless Snakes (World- 

wide) 

•^ablycephalidae Slug-eating Snakes (East Asia 

and tropical America) 

Asypehidae Egg-eating Snakes (Africa) 

'-nialopsidae Rear-fanged Water Snakes (South- 

east Asia and East Indies) 

ft • • . 

‘ & igidae Rear-fanged Snakes (World-wide, 

mainly tropical) 

'^chistodontidae Rear-fanged Egg-eating Snakes 

, (Southern India) 

'^Pidae Cobras and Coral Snakes (World- 

wide, mainly tropical) 

^drophidae Sea Snakes (Marine [absent in the 

. Atlantic] ) 

^Widae Vipers (Old World) 

'■ rj talidae Pit Vipers (Eastern Asia and the 

Americas) 

^'tstiges of the hind limbs, or at least of the pelvis, are 
?^«nt in the first five families ; the families Homalopsidae, 
,' I ?idae, and Elachistodontidae are the so-called rear- 
/'? c d snakes (the “Opisthoglypha"). The family Colubri- 
•7 the “colubrid" snakes proper, includes the great ma- 
% of the harmless forms and the great majority of 
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snakes in general. The last four families are the groups 
with a fatally potent venom. 

Modern studies of the rear-fanged snakes seem to show 
conclusively that enlarged and grooved posterior teeth have 
been developed independently in various forms from differ- 
ent colubrid ancestors. While most of the families of snakes 
seem to be natural groups, this means that our family 
Boigidae is an unnatural or artificial assemblage. It is re- 
tained here simply as a convenient partition of the otherwise 
unwieldy series of colubrid genera, and because no new sub- 
division of the family Colubridae is yet current. The parti- 
tion of the combined Colubridae and Boigidae into natural 
subfamilies is obviously a major problem in the study of 
snakes, and one which requires much further study. 

Only seven of the eighteen families are represented within 
our limits. These are the Boidae (three forms), the Lepto- 
typhlopidae (6 forms), the Colubridae (162 forms), the 
Boigidae (16 forms), the Elapidae (4 forms), the Hydro- 
phidae (1 form), and the Crotalidae (32 forms). 

CLASSIFICATION OF SNAKES 

The classification of animals is based on the recognition 
that there are kinds, or species, in which the individuals are 
obviously alike. Interbreeding takes place freely among the 
individuals of a species and parents pass on their charac- 
teristics to their offspring, so that the colors and pattern, ° r 
other characteristics, of that species are maintained at a 
relatively constant level; “freaks” or other deviations from 
the normal are soon bred out of the population. The biol° 
gist expresses this by saying that a species has “genetic 
continuity.” 

Many species are immediately recognized by the layman- 
A person who knows nothing about “species” would nn 
failingly recognize the copperhead and the water moccasin 
as distinct from one another. Other species, though scarcely 
more closely related to one another than are the copperhead 
and moccasin, are very similar in superficial appearance an- 
close examination is required to tell them apart. In the 
Chicago area, for example, there are two species of gar ter 
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snake — the common garter snake ( Thamnophis sirtalis) and 
the plains garter snake ( Thamnophis radix) — but they are 
never distinguished by the layman because superficially they 
are almost identical. The student of snakes has learned to 
discount such deceptive similarity. He has learned that these 
two garter snakes never interbreed, and hence that the 
seemingly trivial differences between them are really funda- 
mental and constant. 

All the garter snakes (or water snakes, or rattlesnakes) 
J re more closely related to one another than they are to 
a ny other snakes. Such a group of species is therefore gath- 
Cr ed together under a common name to form a genus. The 
species of garter snakes together form the genus Thamno- 
tj'is. The name of the genus, together with that of any of 
;; s species, forms the scientific name ( Thamnophis radix, 
Jor example). The scientific name is always written in 
! miics to set it off from the rest of the text.* In a general 
*»y, the scientific name of an animal may be compared with 
'Hr own surnames and given names. All the members of the 
Smith” family have Smith for a surname (just as all the 
Sorter snakes are called Thamnophis). But just as there 
"my be John Smith, Mary Smith, etc., in the Smith family, 
*° there are Thamnophis sirtalis, Thamnophis radix, etc. in 
garter snake genus. 

It has been found, furthermore, that several genera will 
f 4v e characters in common (i. e., they are more closely re- 
***d to one another than to any other genus), and genera 
therefore grouped into larger units called families. Thus 
^ copperhead, the water moccasin, the massasaugas, and 
^ rattlesnakes all have a highly developed poison appara- 
; s with a pair of long retractile fangs, a special sensory 
_ on each side of the face, and undivided plates under the 
These snakes are therefore placed together to form the 
'mily Crotalidae (the pit vipers). Finally, all the families 



snakes together form the Order Serpentes. 



The reader will note that the name of a person always follows 
Scientific name. This is the name of the man who first described, 
V discovered,” the species, and technically it forms a part of the 
s^hfic name. Thamnophis megalops Kennicott means that the species 
v 2 ,°ps was discovered and named by Robert Kennicott, who de- 
r “*d it in i860. 
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Modem study of snakes (and other animals as well) has 
revealed that even the species are made up of still smaller 
units, the subspecies. A wide-ranging species, like the com- 
mon banded water snake which covers the whole eastern 
half of the United States, may be made up of several sub- 
species, each occupying a segment of the total range of the 
species. The subspecies are designated by adding a third 
name to the generic and specific names. Thus the eight sub- 
species of the banded water snake are : 

Natrix sipedon sipedon The northern banded water 

snake 

“ insularum The Lake Erie water snake 

“ pleuralis The midwest water snake 

fasciata The southern banded water 

snake 

confluens The Mississippi River wa- 

ter snake 

pictiventris The Florida water snake 

compressicauda .The flat-tailed water snake 
clarkii Clark’s water snake 

Subspecies differ sharply from species in that they are 
geographically distinct populations. Subspecies can and do 
interbreed freely, so that two subspecies cannot occupy the 
the same area, since they would promptly lose their identi' 
ties because of interbreeding. This actually happens in the 
area where two subspecies come together; individuals from 
such areas are intermediate in character, and are known as 
“intergrades.” 

The beginner is likely to be somewhat confused by the 
tact that specimens cannot always be identified down to sub- 
species by means of their characters, and that he is repeat- 
edly asked^ to determine them by means of their ranges. 
the case of a subspecies the characters apply only to a ma- 
jority of specimens, sometimes even in the center of i ts 
range, and break down completely (by definition) in a more 
or less wide “area of intergradation.” W e must assure the 
student who is disgusted to find that a single specimen ma? 
have to be identified by its geography rather than by > tS 
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characters that the shadowy subspecific category has proved 
of very great value in descriptive zoology, making possible 
1 far more detailed and intelligible arrangement of the 
multitude of living kinds of animals than was possible with- 
out it. 






EXTERNAL CHARACTERS 
AND COLORATION 



The external characters of snakes are so much used m 
classification, and hence in identification of specimens, that 
some acquaintance with these characters is necessary for 
any introduction to this group of animals. 

BODY PROPORTIONS 

While all snakes are elongate creatures, the relative slen- 
derness or stockiness of body, the width of the head, and 
the relative length of the tail vary greatly. Among our 
North American snakes, the most slender are the rare 
Arizona tree snake ( Oxybelis microphthalmia), the common 
rough green snake ( Opheodrys acstivus) and some of the 
racers such as the striped whip snake ( Coluber taenia tv* 
taeniatus). Some tropical tree snakes are even more elon- 
gate. Our most stout-bodied snake is probably the wa tef 
moccasin, and most of the pit vipers are relatively stock) 
in form and short-tailed. Most snakes have a flattened bell)' 
but burrowing snakes may be quite cylindrical. 

The relative size and breadth of the head varies, and it 
customary to note whether it is wider than the neck or no 
distinct from the neck. In the blind snakes and many other 
burrowing forms the head is no wider than the body 
than the neck ). At the opposite extreme are the rattl e 
snakes and other pit vipers, with the head greatly widen® 
to make room for the enlarged poison glands. 

The eye is well developed in all North American snake 
except the blind snakes. It moves beneath a clear sc3 
which appears to represent the lower eyelid of lizards, s>n^ 
numerous lizards are known in which there is a clear "in 
dowlike scale in the center of the lower eyelid, while 1 
others the “window” is enlarged and the eyelid permanent - 
raised. The eyes of snakes vary greatly in size. They 3 
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extremely small in some burrowing snakes, and so large as 
to modify the shape of the skull in others. In the blind 
snakes, which represent extreme modification for burrowing, 
the eyes lie beneath scales of the head, through which they 
a re visible as pigmented spots. The pupil is round in the 
Majority of our snakes, vertical and catlike in others. It is 
p ven horizontal in some Old World tropical forms. 

The length of the snout anterior to the eyes may afford 
distinctive characters. The angle between the upper surface 
°f the snout and its sides may be sharp or rounded ; it is 
referred to as the canthus rostralis. The sides of the snout 
are termed the lores or the loreal region. The loreal pit is 
a sensory organ in this part of the head found only in the 
P*t vipers. Elongation of the snout is associated with elon- 
gation of the scales covering it, while shortening, narrow- 
; n g, or widening of the head are likewise reflected in changes 
' n the head plates. 

The mouth of most snakes extends far back beyond the 
Tes, to permit of wide opening for the swallowing of large 
! ' r x>d (see p. 51). Most snakes have a longitudinal groove, 
’de mental groove, beneath the chin, bordered by enlarged 
^les, to permit the expansion of the skin when the jaws 
*re spread. 

The tail is ordinarily about a fourth of the total length, 
JIJ t may amount to a third or even two-fifths as in the rough 
?r 'en snake, or may be only about an eighth of the total in 
short-tailed colubrid snakes. In the blind snakes the 
**•1 is extremely short, scarcely more than twice as long 
broad ; it is short also in our two types of boas and in 
• pit vipers. It may end in an enlarged spinelike scale, and 
'^e such structure no doubt gave rise to the remarkable 
of the rattlesnakes. The tail of the true sea snakes is 
^ t( ened and oarlike, and a small evolutionary step in this 
, tttion is to be seen in the flat-tailed water snake of the 
’ ic hish waters along the Florida coast (Xatrix sipedon 



”'Pressicauda). 



SEX CHARACTERS 



The tail is usually somewhat longer in males than in fe- 
*** of the same species. The fact that the hemipenes (the 
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paired organs for copulation) are retracted into the base of 
the tail gives it a distinctly stouter shape than that of the 
female. There are secondary male sexual characters in some 
snakes in the form of tubercles on the chin shields (dia- 
mond-backed water snake) and tubercles on the scales above 
the anus on each side (the ring-necked snakes). These 
tubercles are difficult to distinguish in keeled-scaled snakes, 
but may be found by attentive examination in water snakes 
and garter snakes as an accessory lump or node on the keel. 
These characters are entirely absent in many forms. 



SCALE CHARACTERS 

The evolution of the scaly covering of snakes has pro- 
duced conspicuous differences between groups and between 
species. It is these “scale characters,” together with charac- 
teristic color patterns, that are most used in the definition 
of the species of snakes. Again with the exception of the 
blind snakes, all our snakes have ventral plates or " ventrals " 
on the undersurface of the body, which extend across front 
side to side. The subcaudal plates, or simply caudals, be- 
neath the tail, may be transverse like the ventrals, and are 
then said to be single; more usually they are in two rows. 
The ventrals and caudals of snakes correspond (with some 
variation) to the number of vertebrae. It is customary to 
count their number, beginning beneath the chin with the 
rst one distinctly wider than long, and excluding the anal 
may be divided or single, that covers the anal 
cleft. The first caudal, when they are in two rows, is the 
first one that meets one of the opposite side. It is customary 
to count them on only one side, and to include the terminal 
single scale. The ventrals extend entirely across the belly 
in most of our snakes, but are much reduced in size in the 
boas Chartna and Luhanura, and are not different from the 
smaller dorsal scales in the blind snakes (LeptotypMops)- 
In many snakes the ventrals extend onto the sides of the 
body with a more or less abrupt angle where they turn up- 
ward the ventrals are then said to be angularly bent. 

snakes a sharp ked is p r « ent at the a °' 

gulation of the ventrals, and in some even on the caudal*- 
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The dorsal scales are usually longer than they are wide, 
arranged in straight longitudinal rows and in diagonal rows 
across the body, and in the vast majority of snakes are in 
an odd number of longitudinal rows. The number of rows 
often varies on different parts of the body, reflecting the 
amount of tapering. Counted a head length behind the head, 
at mid-body, and a short distance anterior to the anus, the 
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sucessive numbers give the dorsal scale formula. Thus a 
whip snake may have the scale formula 21-17-13, and such a 
simple statement suffices for all ordinary study. If examined 
in more detail, the complete dorsal scale formula would 
state every change in number of scale rows, and would note 
where (in terms of ventrals) the change takes place and 
which row is dropped or added. Thus a complete formula 
expanded from the above is: 




150 

15 [8] 14 [7 + 7] *3 
130 150 



which means that a fourth row is lost opposite ventral 8. 
that the third and fourth rows unite at ventral 14 on the 
left side and 12 on the right, etc. Finally, it may be noted 
that when the change in number takes place by adding ° r 
dropping a pair of scale rows, this may not take place eX' 
actly at the same point on the two sides of the body. If th e 
scales are counted between such points, an even number wi" 
be arrived at. Such an even count must be distinguished 
with care from that in snakes in which it is the mid-dorsal 
row that drops out, as at ventral 130 in our formula, which 
also produces an even number of scale rows. The variation 
m dorsal scales has been studied in some detail by Ruthven 
(1908), Blanchard (1921), Ortenburger (1928), and Stu» 
(1940). v 



The dorsal scales may be keeled or smooth, and in snake 
Wit ee ed dorsal scales one or more lateral rows may ^ 
smooth. The keeling may be weak, in which case it is 
ally most distinct on the middle of the back and on th 
posterior third of the body. Weak keels must be dist* 
guished from the keel-like tubercles present above the ann 
in the males of some species (p 26) 

tJ h \ d T al SCa ’ eS may bear sensor y scale pits near thei 
tips, which may be single or paired* These pits may be 
scure or wanting on some of the scales, and it is often ne< 

tW t ' SCVeral $CaleS loose and famine them again* 
lght t0 determine the presence or absence of the P lt: 
More numerous in some exotic forms 
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The scales covering the head are almost always enlarged 
and different from those on the rest of the body, and are 
referred to as the head shields, or plates of the head. There 
15 a very uniform normal arrangement of these shields 
among snakes not modified for special habits. There are 
n me shields on the upper surface of the head : the paired in- 
ternasals, prefrontals, supraoculars, and parielals, and the 
central frontal (Fig. i). A rostral at the tip of the snout 
and a series of upper labials border the lip above, and a 
Cental and a series of lower labials border it below'. The 
nasal plate, either single, partly divided, or divided (into an 
anterior and posterior portion), encloses the nostril. This is 
followed (on the loreal region) by one or more loreal plates 
for loreals), inserted between the nasal and the preoculars, 
file preoculars border the eye between the labials and the 
Su praocular, and vary' in number from one to three or more, 
^ do the postoculars, w'hich border the eye posteriorly. The 
,e niporals are the shields between the parietals above, the 
iostoculars anteriorly, and the upper labials below. They are 
dually counted from front to back, stating the number in 
^ch vertical row — thus 1-2, or 2-2, or 2-2-3. 

Since these shields may vary on the two sides of the head, 
:t >s customary to indicate this fact by writing the condi- 
gn of the left side as a numerator and that on the right as 



1 denominator. Thus, temporals 1 — -or 1 — 2/3 indicates 

there is a single temporal in the first row on each 
while in the second row there are two on the left side 
<n d three on the right. The same notation is used for other 
,, ‘ r iation between right and left side — thus "upper labials 
"8" means that there are seven on the left and eight on the 
ri &t side. 

fhe chin shields are elongate scales bordering the mental 
^ rxj ve, anc j ; n contact anteriorly with the lower labials, 
^ally an an terior and a posterior pair. Posteriorly gular 
^es are inserted between the lower labials and the an- 
^ r *° r ventrals. 

. is interesting to note the modifications of the head 
“ ! ^Icls, especially of the snout, associated with burrowing 
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habits (see Heterodon, Lichanura, Leptotyphlops), and with 
any change in shape of the head. Thus the elongate snout of 
Oxybelis has greatly elongate but otherwise unmodified 
scales. Widening of the head, on the other hand, as in the 
rattlesnakes, seems to involve breaking up of the head 
shields, which may be completely scalelike, usually with the 
exception of the supraoculars and certain other plates. 

It is customary to prepare tables of scale counts of an)’ 
series of specimens of snakes, as an indispensable basis for 
systematic studies (Fig. 7). A detailed description will, of 
course, state many other characteristics and relations be- 
tween the various head scales besides those that can be put 
down as entries in a tabulation. 



COLOR AND COLOR PATTERN 



The species of snakes are often very well distinguished 
by their color patterns or colors, or both. Within the whole 
group there is an extraordinary diversity of both coloration 
and pattern. There are black, brown, gray, and green snakes 
in nearly solid colors, while more usually there is a pattern 
of darker markings on a lighter ground color, and the p 3 *' 
tern may include brilliant yellows and reds. This pattern 
may consist of transverse bands or rings, of spots, of 
blotches, or of longitudinal stripes, and with almost ever)' 
combination of the three. Pattern characters have been used 
wherever possible in defining species in this book, and the 
following terms, which are employed repeatedly, must t> e 
carefully distinguished (see Fig. 2) : 



Uniform . 
Stripe 

Band 

Blotch . . , 

Spot 

Crossband 



a solid color, without any markings- 
, a narrow line of color running length' 
wise. 

■ a wider (more than 2 scale rows) l* ne 
of color running lengthwise. 

.a large rounded or squarish marking' 
usually with a narrow dark border- 
■a small rounded marking, usual'/ 
without a border. 

• a half-ring of color extending acroS’ 
the sides and back, but not acros s 
the belly. 
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Ring a band of color completely encircling 

the body, therefore differing from a 
crossband in that it continues across 
the belly. 

The colors of snakes are produced by a multitude of mi- 
nute bodies, called chromatophores, in the scales. The chro- 
ntatophores are of two very different kinds. One kind, typi- 
fied by the so-called “melanophores,” is colored because each 
°f the bodies contains pigment. The melanophores are chiefly 
responsible for the blacks and browns of the pattern. The 
other kind of chromatophore, called "guanophores,” pro- 
duces color effects by optical diffraction. These bodies have 
n ° pigment, but contain small crystals that break up light 
rays in the same way that a prism does. The guanophores 
are the chief source of the yellows and whites seen in the 



Stripes 



Bands 






Crossbands 



Blotches Spots Diamonds 

Rig. 2. Explanation of terms used in describing patterns 
of snakes. 
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ground colors of many snakes, and for the white tips of the 
scales found in many species. No studies have been made, 
but it is probable that the bright red found in coral snakes 
and other snakes is produced, as it is in other animals, by 
a third kind of chromatophore, the “allophores.” 

Snakes are unable to change color as many lizards can. 
Recent experiments by Hermann Rahn have revealed, how- 
ever, that prairie rattlesnakes become very pale if their pitu- 
itary glands are removed, but assume their normal color 
again if an extract of the pituitary gland is injected into 
them. Since the pituitary gland governs color change m 
lizards, it seems that the situation is not fundamentally very 
different in lizards and snakes. 

A snake is always comparatively very brilliant immedi- 
ately after shedding its skin. This is because of the trans- 
parency of the new layer of cuticle and has nothing to do 
with the actual intensity of the colors in the skin. 

Pattern is usually more constant within the same specie* 
than color. Distinctive patterns may run through large 
groups of snakes. Thus the great majority of coral snakes 
are characteristically ringed with black, red, and yellow 1 
the garter snakes are typically lineate with three light lines, 
between which a pattern of dark spots may be more or less 
distinct. The water snakes include forms with a lineate pat' 
tern and others distinctively cross-barred, with a few > n 
which there is a transition between the two types. In the 
California king snake a sharply lineate pattern appears as a 
variant (evidently a mutation) in a limited area, the mote 
widespread population being crossbanded (see p. 180). The 
rattlesnakes have a blotched pattern in which the light bot' 
ders of the larger spots tend to become sharply defined, 
producing, when extremely developed, a pattern of light dia- 
monds. In snakes of nearly uniform color there may ofte° 
be a characteristic marking, like the white chin of the black 
snake or the dark collar on the nape of the rear-fanged tan- 
tillas. Intricate head patterns may be present as in certain 
chicken snakes, milk snakes, and rattlesnakes. 

V ariation in color in the same species of snake is usuall>' 
a matter of increase or decrease in the dark pigment of ,be 
ground color, obscuring the normal dark pattern or leaving 
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it more distinct. Darkening of the coloration reaches an ex- 
treme as melanism, which may be more or less prevalent, 
and may tend to be especially frequent in a limited geo- 
graphic area, as is the case with the common garter snakes 
of Ontario. Albinism, while rare, is well known in snakes 
and has been recorded for many species. It is characterized 
by absence of dark pigment throughout the specimen, the 
ted blood vessels showing through the white skin, the eyes 
P'nk, and the normal dark pattern (in snakes that have one) 
showing vestigially in faint yellow. Yellow and red muta- 
tions (xanthism and erythrism) are also known. A yellow- 
ish brown and a bluish green phase are known as rare 
variants in the smooth green snake, and are doubtless due to 
the absence of one or the other of several types of chro- 
t'atophores that combine to produce the normal green color. 

Very few snakes exhibit conspicuous differences in colora- 
tion between the sexes. Juvenile patterns are almost in- 
variably more sharply defined, with both the ground color 
*ad the color of the darker pattern more brilliant The 
foting of the common northeastern milk snake, whose adult 
‘‘attern is brown and black or gray, is so red as often to be 
riferred to as a “coral snake.” The usual course of change 
lr om juvenile to adult pattern consists in a darkening of the 
fround color with resulting increasing obscurity of the pat- 
,er n. Such a change is clearly seen in the water moccasin in 
*hich the young are almost as brightly marked as the cop- 
kvhead, while the dark adults have the pattern extremely 
'bscure, and may be quite black. One of the most remark- 
"b'e changes of this nature in North American snakes is 
% from the spotted juvenile of the black snake or blue 
^ c «r to the uniform black or greenish-gray of the adult. 
7*ber solid-colored snakes, like our green snakes, may ex- 
bit scarcely any change of color with growth. 

^he relation of the coloration of the species of snakes to 
^’ r surroundings may be quite evident or it may be ob- 
iCUr e. In general, snakes of the desert tend to be pale, often 
l^mbling their background quite accurately. Snakes of 
Jj'Pid forest regions tend to be dark. Tree snakes are usu- 
green, resembling the foliage, but may be brown or 



Illy 



*»ri, 



'ously spotted, perhaps resembling bark or vines. Ter- 
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restrial snakes of forested regions may have a blotched or 
barred pattern sometimes extremely like the background of 
dead leaves and sticks on which they lie. Even when they 
are apparently brightly colored, like the copperhead, such 
colorations may be surprisingly effective as concealment. Re- 
semblance to the background appears to be definitely ad- 
vantageous to the snake concerned, either by way of 
concealment from enemies or as a useful camouflage while 
lying in wait for prey. The dark markings on the sides of 
the head in many snakes apparently serve as camouflage to 
conceal the eye. 

Klauber has pointed out that the snakes in the southern 
California area may be divided into “active,” “moderate," 
and slow forms, and that the color patterns of the species 
are definitely correlated with the degree of activity. All the 
active species (racers, garter snakes, and patch-nosed 
snakes) are either unicolor or striped. Nearly all of the 
moderately active forms are ringed or blotched (king 
snakes, bull snakes, faded snake, etc.), while most of the 
slow snakes are blotched (rattlesnakes, leaf-nosed snake)- 
In commenting further on the pattern of active snakes this 
author states that 1 the effect of color continuity and its 
value in escape can be best observed by attempting to f°l' 
low with the eye such a snake as the striped whip snake 
traveling amongst brush or rocks. Try as you will to fol- 
low the head, your eye will become anchored to what ap- 
pears to be a stationary section of the body, in a striking 
contrast of black with the two bright yellow stripes. 
this stationary section is in reality a flowing body ; curiously- 
without apparent longitudinal motion, it seems to diminish 
in width, the tail flashes by and it has vanished, before the 
eye can be advanced to another section.” 

The brilliantly colored snakes like the coral snakes a« d 
coral king snakes are for the most part burrowers, or are at 
least secretive in their habits. Protective resemblance ca y 
scarcely explain their color patterns, and is clearly not the 
entire explanation of the diverse color and patterns ° l 
snakes in general. It may well be that some distinctive coW 
patterns are due to obscure factors in the evolution 
snakes, and may in fact be quite useless to the snake. 
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The color of the skin between the scales may be quite in- 
dependent of the pattern, and different from that of the 
scales, appearing only when the skin is stretched; or, this 
skin pattern may be directly associated with the pattern and 
coloration of the scales. Many snakes of tropical regions 
spread or inflate the neck, exhibiting bright colors or mark- 
ups which are concealed in the normal condition. This fea- 
ture of coloration is exhibited by our hog-nosed snakes, in 
w 'hich the pattern of the neck becomes much more conspicu- 
ous when it is spread in their characteristic warning be- 
havior (p. 1 17). 

Changes of coloration in the course of evolution may be 
■udicated in series of related forms. The reader is referred 
to such series as the milk snakes (p. 185) and king snakes 
(P- 166) for examples, and to the literature, especially 
Blanchard’s paper on the king snakes and Gloyd’s on the 
ra ttlesnakes, for speculations as to the evolutionary history 
such series. 




THE POISON APPARATUS AND 
TREATMENT OF SNAKE BITE 



The effects from the bite of a poisonous snake are so re- 
markable that it is not surprising that the venomousness of 
a few has given rise to a widespread fear of all snakes. 
The snakes of the United States and Canada actually in- 
clude only seventeen species in any way dangerous to man, 
and a number of these are so rare or secretive that there h 
no record of a human being being bitten by them. It is not 
as widely understood as it should be that the venom and 
venom- injecting apparatus of snakes are primarily for the 
capture of their food. Their use for defense against larger 
animals is entirely secondary. 

The genuinely poisonous snakes are dangerous to man i n 
almost direct proportion to their size. The large eastern and 
western diamond-backed rattlesnakes and their more west- 
ern relatives are among the most dangerous snakes of the 
world. We are extraordinarily fortunate that these creatures 
usually give their warning rattle when approached, and that 
they are not likely to strike in any case until actually xaor 
lested. The copperhead and water moccasin, which are s° 
well known in the eastern and southern states, are some' 
what more feared than the rattlesnakes, on account of thei f 
failure to give any warning ; but these species are also slo'^ 
to strike. The poisonous coral snake is so inoffensive that > l 
is often taken by the hand under the impression that so 
handsome a creature must be harmless ; but the extreme P° 
tency of its venom makes such handling highly dangerous- 
It would be extremely satisfactory if one could give som* 
simple rule whereby poisonous snakes could be distinguished 
at a glance from the harmless ones, but there is none. Th e 
poison-conducting fangs, long and folding in the pit vipe f5 
and short and fixed in the coral snakes, are an infallib' e 
means of distinguishing the dangerously venomous forn^ 
but these are best looked for in the dead snake. The he ** 3 
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is triangular in shape in the pit vipers due to its enlargement 
lor the poison glands ; but there are numerous harmless wa- 
ter snakes and various others in which the head is so well 
set off from the neck that this simple rule fails. Fortunately 
the recognition of rattlesnakes is made simple by the rat- 
tle. This leaves only the copperheads and the water mocca- 
sin and the two kinds of coral snakes. Everyone who spends 
much time in hunting or fishing or camping in the regions 
"’here these snakes occur should learn to recognize them at 
sight. This is simple in the case of the coral snakes and the 
copperheads, which have a characteristic pattern. The adult 
"ater moccasin is nearly without pattern ; it should be rec- 
ognizable from its curiously shaped head and of course from 
sts habit of facing one when approached with its mouth 
Widely opened, the white interior of which gives it the name 
cottonmouth.” The juvenile water moccasin has a pattern 
tot very different from that of the copperhead. 

The living types of snakes exhibit various stages of the 
development of a poison apparatus. Even in the non-poison- 
°0s water snakes experiments seem to show that the saliva, 
When injected into small animals, has some poisonous quali- 
l 'es. This makes it easier to understand the fact that 
grooved teeth and the alteration of a part of the salivary 
glands (the parotid) for venom production have apparently 
keen developed independently in various groups of snakes. 

The rear-fanged or “opisthoglyph” * snakes have one or 
"'ore enlarged teeth at the rear of the upper jaw, each with 
J groove on the front face of the tooth. There are numerous 
! uch snakes in tropical regions, while we have only the 
genera Coniophancs, Tantilla, Lcptodeira, Trimorphodon, 
^“d Oxybelis within the United States. 

Uie front-fanged or “proteroglyph" snakes include the 
cobras of the Old World and the mambas of Africa, with 
^dous other forms and numerous distinct types in Austra- 
kg- In North America this group of snakes is represented 
'w'y by the very poisonous coral snakes of the genera Mi- 
>Ur us and Micruroides. In these snakes the head is not at all 
^d er tha n the body, and the venom glands must be small; 

Opisthoglyph means rear-grooved in Greek. 
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but the venom is extremely potent as is shown by the high- 
proportion of deaths in the few recorded cases of bite from 
them. In these snakes the poison-conducting fang is at the 
front end of the upper jaw, and it is greatly improved from 
the grooved condition by the closing of the groove in front. 



-eye socket 




From below From side ,showin£) 
position of’ fang 
end of strike. 



Fig. 3- Rattlesnake skull, showing poison fangs and non' 
poisonous teeth. (After Klauber). 





Fang erecting mechanism 




Side view Front view Enlarged 
of fang of fang tip of fang 

Maxillary bone Venom gland 



Venom duct Venom fang 

Phantom side view of head 

Fig. 4. Poison apparatus of rattlesnake. (.Above) 
Fang-tilting mechanism, diagrammed 1, maxillary 
“one. 2, prefrontal. 3, 4, 5, frontal, parietal, and su- 
Pratemporal bones. 6, pterygoid 7, ectopterygoid. 8, 
1 'Jadrate. 9, fang. The quadrate pushes the pterygoid 
* n d ectopterygoid forward; these, pushing against the 
“ as e of the maxillary bone (with a short leverage), 
Rotate the fang through nearly a 90“ angle. (Middle) 
details of fang. (Below) Phantom side view of head, 
showing position of venom gland and duct in relation 
to the fang. (After Klauber). 
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This makes a hollow tooth like a hypodermic needle for in- 
jecting the poison. 

The pit vipers, like the true vipers of the Old World, have 
the hollow poison fangs greatly enlarged and the maxillary 
bone that bears them so much reduced that it is actually 
higher than long. This shortened jawbone is rotated back- 
ward by the attached bones when the jaws are closed, so 
that the fangs are folded backward on the roof of the 
mouth out of the way. This remarkable mechanism is for 
the injection of an extremely potent venom into the prey. 
The venom glands are large and are provided with a tough 
sheath and attached muscles which eject the venom at the 
instant of the strike. 

The fangs are enclosed in rather large folds of gum, the 
fang sheaths, and thus are not visible in the folded position 
unless the sheath is pulled forward. 



The venom itself is a clear, thick fluid, slightly yellowish 
in color, which dries to a crystallike solid. When so dried it 
is unaffected by cold or by the lapse of time. Its properties 
are destroyed by heat. Snake venom proves to be a mixture 
of complex proteids, too complex to yield to direct analysis- 
Our knowledge of them is derived principally from experi' 
mental studies of their effects. 

Snake venom taken by mouth has no poisonous effect tf** 
less there is some open injury in the mouth or stomach. I ts 
action when injected into the blood stream or into the flesh 
is the more remarkable. Some of the elements of the venom 
have an affinity for the nerves and are referred to as “neU' 
rotoxic.” They produce shooting pains and rapidly affect 
the sympathetic nervous centers that control the heart and 
breathing. Other elements of the venom affect the red blood 
corpuscles of the blood, and are called “haemotoxic” °\ 
haemorhaghic.” Still others appear to affect the walls °* 
the capillary vessels, dissolve them, and permit the blood to 
escape into the tissues. It is this rapidly blackening blo°d 
that produces the most startling of the symptoms of snak e 
bite from our pit vipers, the great swelling and discolorati°° 
ot the parts near the bite. 



One of the most remarkable effects of snake venom 
call forth the production by the victim's blood of an 
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venin that counteracts it. If a horse be injected with gradu- 
ally increasing doses of venom, it becomes entirely immune 
to a dose of venom many times as great as would have 
killed it at first. The antivenin is contained in the serum of 
the blood, and it is an effective antidote for man and other 
animals if injected into the blood stream of the victim of 
snake bite. A suitable amount of blood is drawn off from an 
■mmunized horse, centrifuged to remove the blood corpus- 
cles, concentrated, and preserved in sealed glass tubes. As 
Prepared for use, these tubes may be provided with a built-in 
hypodermic apparatus for the injection of the antivenin. 

The high hopes raised by the apparently magical effect of 
antivenin under experimental conditions and in some cases 
°f accidental snake bite have not been entirely sustained by 
further investigation. Perhaps the principal difficulty lies in 
the extremely specific nature of the venoms and of the anti- 
v cnins that counteract them. Thus antivenin prepared by the 
Pse of rattlesnake venom does not perfectly neutralize the 
Vt nom of a copperhead, nor even that of another species 
°f rattlesnake, and has little or no effect on coral-snake 
v cnom. It is impossible for an ordinary person to carry sev- 
eral tubes of different kinds of antivenin (which would cost 
Sc veral dollars each), and many persons would not recog- 
8l *e the kind of snake that had bitten them. The antivenin 
P'anufactured for North American snakes is accordingly 
P’ade as a mixture, a so-called “polyvalent” serum, to coun- 
'eract the effect of the bite of the rattlesnakes and of that 
CI the copperhead and water moccasin. 

The treatment of snake bite has been cursed for ages by 
a host of popular remedies ranging from pure witchcraft to 
serious attempt to neutralize the poison with burning 
powder or some strong disinfecting agent such as per- 
manganate of potash. It is somewhat horrifying to learn 
^t the injection of permanganate solution in the vicinity 
^ the bite, which was long recommended by the medical 
t8 °fession, is no more effective than the application of half 
a freshly killed chicken, and is in fact more positively 
_ ,rt nful. Modem experimentation has fortunately developed 
* ^ r st-aid procedure which is genuinely effective. 

The first aid now shown to be most effective consists sim- 
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ply in cutting open the spot bitten and the application of 
continued suction. Suction by mouth would be better than 
none ; suction by means of the small rubber bulb in suction 
kits available on the market for this purpose proves to be 
astonishingly effective.* 

The first-aid procedure now recommended results from 
experiments and experience in treatment of snake bite by 
Dr. Dudley Jackson, of the Robert B. Green Hospital, at 
San Antonio, Texas. Dr. H. K. Gloyd** suggests the fol- 
lowing : 

1. Do not run or do anything that will speed up circula- 
tion; do not use whisky or other forms of alcohol 
internally. 

2 . Apply a tourniquet between the bite and the heart. Do 
not tie it too tight. Soft rubber tubing, such as that 
furnished with the various snake-bite kits, makes the 
best tourniquet, but a shoe string, handkerchief, or neck- 
tie will do. 



3 . Sterilize the skin over the area of the bite and with a 
sharp knife or razor blade, also sterilized, make cross 
cuts over each fang mark at least a quarter of an inch 
deep. Any standard antiseptic, such as iodine or met' 
curochrome, may be used for sterilization. If an anti' 
septic is not available, use the flame of a match. 

4- Apply suction to the incision. If the small rubber bulb® 
supplied with kits for this purpose are not available’ 
the mouth may be used. There is no danger if there 
are no cuts or sores in the mouth or on the lips. The 
\enom must get into the blood stream to cause ham 1- 

A sheet of thin rubber through which to suck is the 
best and simplest first aid equipment. 

5 ' ^ ontinue th e suction, loosening the tourniquet every te» 
!l eS for a few s «onds. As swelling progresses the 

and^Co? Rutherford 0 X “j“ 1 ° u '*‘ No. 2006, Becton-Diddn^ 

— ** 
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tourniquet should be moved and kept just above it, and 
just tight enough to retard, but not obstruct, the flow 
of blood in the veins. Great harm may result if it is 
too tight. It should be loose enough to allow a finger 
to be slipped under it easily. 

6. Get to a doctor or hospital as quickly as possible. 
Meanwhile continue suction. 

7. If antivenin is available, after about an hour of suc- 
tion, inject five ampouls (50 cc) directly into the bite 
and the surrounding areas. An amount smaller than 
this, according to Dr. Jackson, is of no practical value. 

On account of the serum reaction suffered by many 
persons, antivenin should be given only by a physician, 
except in cases of extreme emergency. 

8- If antivenin has been given as above, wait one hour 
before resuming suction ; otherwise continue the active 
suction treatment. 

By this time you should have reached a physician. If 
not, continue suction for at least 15 hours. 

^ e have slightly modified Dr. Gloyd’s suggestions. It 
®°uld be strongly emphasized that a snake-bitten person 
^uld be taken to a physician or hospital at once, if pos- 
‘“le. Only a physician is qualified to meet emergencies that 
^7 arise during treatment. 
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A snake is one oi the most highly specialized of all back' 
boned animals. Nearly every structure of its body, even in- 
cluding its internal organs, is more or less different from 
the corresponding structures of other animals. It is remark- 
able that every one of these adaptations may be traced di- 
rectly to a single cause — the fact that snakes have lost them 
legs, in the course of the evolution of their elongate body 
form — no matter how remotely the structure in question 
may be related to locomotion. Nearly all snakes have only 
one lung, for example, because a legless creature must have 
a long and slender body if it is to move with speed and ef- 
ficiency, and this does not leave space for two lungs lyi°f? 
side by side. For the same reason the heart is pulled out 
into a long organ that looks little like the heart of other an- 
imals, and the gall bladder is located far behind the live f 
instead of being embedded in it in the usual way. The 
unique architecture of the skull, which enables a snake to 
engulf an animal greatly exceeding the diameter of its o" n 
head, may be attributed in part to the same cause. Without 
any means of holding an animal down a snake cannot tea f 
its prey apart. Therefore, unless it is to content itself wit^ 
such relatively minute food as insects, a snake must be cap a 
ble of swallowing fair-sized prey entire. 

Since the loss of their legs has influenced the structure 
and behavior of snakes so profoundly, it is only natural tha 
students of snakes should have tried to determine how the^ 
came to lose them. Fossils do not help, since all known f° s 
sil snakes are as specialized in this respect as the ones F' 
ing today. There are two chief theories, each supported 
some extent by technical details in the structure of snake 5 
One theory is that snakes originally lived in the high g rasS 
of savannah regions, where legs would have been a h‘ n 
drance to gliding swiftly and easily through the close-p aC ^ c 
vegetation. The original snakes would then have been sotf ,e ' 
thing like such elongate limbless lizards as the glass snake 5 - 
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"■'hich move about actively on the surface of the ground. 
Such limbless but still terrestrial lizards have developed in- 
dependently in various parts of the world, and they natu- 
rally exhibit snakelike characteristics. The second theory, 
"■’hich is based on the fact that many burrowing animals 
lend to lose their legs, is that the ancestors of snakes lived 
Underground. The eyes of burrowing animals also degener- 
a le, and Dr. Gordon L. Walls, who has studied the eyes of 
hzards and snakes in great detail, finds that a snake’s eyes 
ar e quite different from those of lizards and other animals, 
hie believes, consequently, that the eyes of snakes were re- 
developed from degenerate vestiges after snakes returned to 
a life above ground. 



HABITAT 



Such snakes as the banded sand snake ( Chilomeniscus ) 
* n d the homed rattlesnake are not found anywhere except 
“i deserts. Other snakes, like the blind snakes ( Lepto - 
‘yphlops), live underground like earthworms, and rarely 
c °iUe to the surface unless drowned out by rains or floods. 

the tropics some kinds of snakes spend their entire lives 
111 trees, apparently never descending to the ground. The 
hructure and behavior of all these snakes are greatly altered 
l ° adapt them to their respective environments. 

Such examples are extreme cases of habitat restriction, 
■'■ost of our snakes are much less particular as to where 
'Ufy live, and many seem to range promiscuously over a 
^riety of environments. Nevertheless, careful study would 
" l °hably show that every kind of snake has some sort of 
f“itat preference, dictated by soil and vegetation condi- 
temperature, moisture, feeding habits, or still more 
^scure psychic or physiological factors within the snake 
‘; e h*. Remarkably little is known of the habitat preferences 
^'en our commonest snakes, and because such studies 
be made on preserved snakes in a museum or captive 
• ^ts j n a zoo (hey offer an excellent opportunity for the 
‘ e higent amateur to contribute to our fund of knowledge. 
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An example of the kind of factor that may be responsible 
for the general distribution of snakes is afforded by a stucv 
recently made by the senior author. Botanists have long 
known that a tongue or “peninsula” of the western prairies 
extends eastward across northern Illinois, Indiana, Michi 
gan, Ohio, and into western Pennsylvania and New York. 
Civilization has greatly altered the character of this area, 
but careful study shows that the distribution of such snakes 
as the fox snake, Kirtland’s water snake, Butler’s garter 
snake, and the eastern massasauga coincide almost exactly 
with its boundaries, although no one knows exactly w J 
they do not spread out into the surrounding regions. 



LOCOMOTION 



A red racer is able to cover ground at an astonishing rate, 
its speed and grace being almost incredible for an amm 
that has no legs. Other snakes can outclimb the monkeys, out 
swim the fishes, or outburrow the earthworms. The 111 e 
chanical adjustments that enable snakes to perform th<-'- c 
feats are among the most remarkable in nature. They ha' 
been studied in great detail by the late Dr. Walter Mosaue r > 
but cannot be discussed here except to point out that 
backbone gains its great flexibility from the great nuna ^ 
of vertebrae (up to 200 and more) of which it is comp ose ^ 
and that the muscles that bend it (several pairs to ea 
vertebra) may be long stringlike affairs extending over 
dozen or more joints. j 

Much nonsense has been written about the speed 0 
snakes, and stories about snakes outrunning men are ta ^ 
Because of its slender form a racer looks as if h " e 
traveling faster that it really is. Moreover, a snake 
rarely encountered where there are no shrubs or boshe ’ 
and there is no question that an agile snake could outdo 9 
a man under such circumstances. Dr. Mosauer tested _ 
speeds of various snakes by placing them in the center ot 
measured circle and timing them with a stop watch, 
following table summarizes his results. 
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Species 


Number of 
trials 


Prowling 
speed 
miles per 
hour 


Maximum 
speed 
miles per 
hour 


Lichanura r. roseofusca 


7 


.09 


.22 


Pampropeltis muHicincta 


12 


•17 


•72 


P'tuophis spp. 


36 


•13 


1.18 


Salvadora h. hex ale pis 


12 


.22 


1-43 


Pro talus cerastes 


41 


■3i 


2.04 


Coluber f. frenatus 


39 


•29 


3 - 6 o 



Dr. Mosauer found that there are three main types of 
Dcomotion in snakes. The one used by most snakes he calls 
“horizontal undulatory” type — what would, with less 
^curacy, be called simply “wriggling" by most people. The 
b ody is thrown into a series of gentle curves (sideways, 
n °t up-and-down as many people believe), and then seems 
*° flow smoothly along these curves like a stream of water 
®°wing along a narrow, winding bed. Actually each of the 
^rves is pushing against irregularities in the ground, grass 
st «ns, or other points of contact, thus thrusting the snake 
forward. That this is actually the case may be demon- 
stated by allowing a snake to crawl in fine sand and then 
'aamining its track; a little pile of sand back of each 
c ' Jr ve shows where the push was exerted. A spectacular 
^oof i s provided by placing the snake on a piece of smooth 
?! »ss. It will thrash about helplessly, making little or no 
Egress, but if a staggered row of pegs is fastened to the 
it is able to crawl through them with ease. 

^ second type of locomotion is often used by relatively 
Snisy, heavy-bodied snakes such as rattlesnakes. If one 
0 these snakes is allowed to crawl in sand it leaves a 
; tr *ight track, as if a piece of heavy rope had been dragged 
*, n g. Careful examination of the crawling snake reveals 
it is moving by alternate movement of the skin on the 
dy and of the body within its tube of skin. Little waves 
y 1 be seen traveling over the body as the skin is pulled 
'ttvard, then anchored by pressing the edges of the belly 
/jj** against irregularities in the ground. Dr. Mosauer 
e d this the “caterpillar” type of locomotion. 
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The third type of locomotion is “sidewinding,” and is used 
only by the sidewinder ( Crotalus cerastes ) among our North 
American snakes. This extraordinary method of crawling, 
which is described on p. 300, is a special adaptation for 
crawling on the loose sand of the desert, which is the home 
of the sidewinder. A fourth type of locomotion, not empha- 
sized by Mosauer, consists of thrusting the head and fore 
part of the body forward, anchoring it, and then hauling the 
rear part of the body forward. 

Any snake can swim if placed in water, and all snakes, , 
whether natural swimmers or not, swim by the “horizontal I 
undulatory” type of movement. The sea snakes, which 
rarely come out of the water, have their swimming ability 
greatly increased by having the tail vertically flattened into 
an oarlike structure. A suggestion of this flattening is found 
in some of our water snakes ( Natrix ). Flat tails are very 
common in aquatic animals, occurring for example in musk- 
rats, otters, many lizards, and even in the ridiculously smad 
tail of the hippopotamus ! 

Because their bodies are long and flexible, any snake 
able to climb, and any kind of snake is likely to be found in 
bushes or trees at one time or another. This is true even of 
the heavy-bodied rattlesnakes. Snakes that spend much tim e 
in climbing have developed special techniques. The black 
snake and blue racer are able to crawl along the tops ° ! 
bushes nearly as fast as they can on the ground, merely hy 
distributing their weight over the twigs. Bull snakes and ra* 
snakes can climb vertical tree trunks by pressing little fold* 
of their bellies into crevices in the bark, and some tropic 3 
snakes even have a special ridge along each side of th« 
belly to assist in this. There are no true tree snakes in th e 
Lnited States, although the rough green snake and the 
Arizona vine snake are very similar to some of the tropic 3 
tree snakes. In the tropics, tree snakes are of two different 
kinds. One kind has the body extremely long and slender 
and stiff like a piece of wire so that the snake can reac 
across from one branch to another. The other kind has 3 
short, heavy body, but the tail is “prehensile,” i.e., it »* 3 
strong fingerlike structure that can wrap tightly around 3 
branch and support the entire weight of the snake. 
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Burrowing snakes have only their heads to assist them, 
but many different kinds of snakes are skillful burrowers, 
some, like the blind snakes, even living like earthworms in 
the ground. No one has made a careful study of burrowing 
“» snakes, but preliminary studies by the junior author show 
| that the method used, and the modification of the head that 
goes with it, depends on whether the snake lives in sand, 
I tttud, or soil. All burrowers have the bones of the skull more 
0r less consolidated to withstand the pressure to which the 
head is subjected. Sand burrowers, like the banded burrow- 
j w g snake, the leaf-nosed snakes, and the hog-nosed snakes, 
Us e their heads as augurs or shovels, and all these snakes 
have the head more or less modified to increase its efficiency 
(see Figs. 66, 36, and 25). Mud burrowers, like the mud 
I s nake and the rainbow snake, have conical heads and glassy- 
suiooth scales. No one knows how they use their heads in 
| burrowing. Bull snakes have very pointed noses, which aids 
’hem in digging into pocket gopher burrows. 

Certain snakes have been seen to use a loop of the neck 
10 scrape out small hollows in sand. This method of bur- 
ning could hardly be very efficient, and no one knows 
*hy or how generally snakes use it. It is said that bull 
shakes use this method to scoop out the ground loosened 
by their noses, when they excavate pocket gopher burrows. 



FOOD AND FEEDING 

All snakes live exclusively on animal food; leaves or 
frass blades occasionally found in the stomach have been 
^allowed accidentally while the snake was engulfing its 
frey. The size of the food is roughly proportional to the 
Sl * e of the snake, the smaller species feeding on insects, 
Riders, slugs and other small creatures, while the larger 
° r ms subsist chiefly on fishes, frogs, lizards, birds, and 
s ° la ll mammals. 

^ To some extent the type of food eaten by a particular 
,n d of snake is determined by the kind of environment in 
^bich the snake lives. Water snakes live largely on fishes, 
°gs, tadpoles, and crayfish because these animals are 
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abundant where water snakes live, while desert snakes eat 
chiefly lizards and small mammals. 

It was formerly thought that most snakes are very par- 
ticular about what they eat, restricting their diets to one 
kind of animal. Recently several important studies based 
on analysis of the contents of hundreds of stomachs* to- 
gether with accumulated exact information, have revealed 
that most snakes eat a considerable variety of food. A feW 
snakes, like the Florida swamp snake and the queen snake, 
both of which rarely eat anything but crayfish, and the red- 
bellied snake, which seems to eat slugs almost exclusively* 
are exceptions. 

Snakes find their food by foraging for it, spotting prey 
by means of their eyes. Odor also plays a part in recogniz* 
ing food. A few years ago a Swiss zoo keeper wrote of 3 
European water snake that vigorously tried to swallow 3 
part of its own body that was scented with fish, and there 
are many records of rat snakes having swallowed chin 3 
nest eggs. Laboratory experiments have shown that hungry 
DeKay s snakes will follow a trail made by rubbing earth' 
worm “extract” along the floor of a cage. 

Snakes can live for months without eating, but the' r 
appetites when food is abundant are prodigious. There afe 
many records of captive snakes eating mice or frogs, ° r ' e 
after the other, almost as long as they were provided- 
Klauber fed 30 tree frogs to a moderate-sized two-strip«“ 
garter snake, which it ate as rapidly as they were handed 
m. Occasionally garter snakes are found in nature that af* 
so stuffed with earthworms that they look like sausages and 
are barely able to move. 

Prey is subdued in one of four ways: by merely seizing 
it in the mouth and swallowing it directly; by holding 
down with a coil of the body; by constricting it; or W 
means of venom. Constriction, which is employed only b - 
certam snakes (the bull snakes, for example), is well kno"' 11 
but often misunderstood. Prey is not literally crushed, 35 
many people think. Instead the heart action is stopped b - V 
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the powerful squeezing of the snake, and the animal is thus 
Quickly killed. It should also be emphasized that venomous 
snakes use their poison apparatus primarily for securing 
food, rather than for defending themselves. 

Swallowing the prey is an extremely complicated opera- 
tion that is not thoroughly understood. A complex chain 
°f bones that fastens the lower jaw to the skull may be 
tn oved out sideways, which greatly increases the size of the 
juouth opening. This, together with the fact that the throat 
15 very elastic, makes it possible for a snake to swallow an 
object several times the size of its own head. Actually, in 
s ’■'■'allowing, the snake slowly draws itself forward over its 
l )r cy, instead of swallowing it by means of the tongue as 
human beings do. The two halves of the upper jaw and the 
*»o halves of the lower jaw may be moved independently, 
in d by moving each of these four elements forward inde- 
pendently and in rotation, and anchoring each by means of 
needle-sharp teeth, the snake slowly crawls over its 
Prey. This operation is extremely slow if the prey is much 
J* r ?er than the snake. Sometimes more than an hour elapses 
*efore the last of the prey disappears into the snake’s 
!f ' rj uth. At the other extreme, a garter snake eating an earth- 
< ' 0r m draws it in quickly, chiefly by contracting the muscles 
41 >ts throat. The effect is somewhat similar to a small boy 
Sj tking in a piece of spaghetti. 

. A snake cannot live long without water. It drinks like a 
thrusting its nose in and sucking up water by means 
’’ rhythmic contractions of its throat. 
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very few species only, and careful descriptions, or better 
still, motion picture records, of this behavior offer a wide- 
open field to the amateur. Courtship behavior is very char- 
acteristic for any given species, and there are at least two 
basically different types among the snakes of the United 
States. In garter snakes and water snakes the male rubs 
his chin along the back of the female until he reaches the 
neck region, the female remaining entirely passive. Tb e 
chin of the male in these snakes is provided with minute 
sensory organs (visible to the naked eye in the diamond- 
backed water snake, Fig. 71), and the rubbing apparently 
serves to stimulate him. The racers engage in a sort o' 
courtship dance,” in which both sexes participate. 

There have been many attempts to determine the gestation 
periods for various species of snakes. It is now kno' v ''- 
bowever, that a female will continue to lay fertile eggs t " c,r 
several years after being isolated from males, so that the-* 
is probably no relation between the time of mating and th £ 
time of egg-laying or giving birth. 

Some of our snakes lay eggs, while others give birth & 
living young. Among American snakes, the species beari^ 
firing young outnumber those laying eggs. Details as to t 
egg-laying or live-bearing habits are given under each 
cies. 

Snakes that bear their young alive produce them in I 3 ■ 
summer and early fall (late July to early October). ^ nt '' 
recently it was thought that live-bearing snakes merely 
tained the eggs in the oviduct, but it is now known that 
least in some snakes (and perhaps only to a limited extc j\ v 
the embryos are nourished by the mother somewhat as t 
are in mammals. The number of young in a brood vaf ' e 
enormously, even between different individuals of the 53 
species. Small snakes generally have fewer young 1 , 
larger snakes do, the little DeKay’s snake sometimes 
only two or three at a time. Garter snakes and water 
are very prolific. There is a record of a common 
snake that produced 78 young, and of a common ' v3 
snake that had 76. . 

. The fema,e usuall - v refuses food for several days P reC 5 
>ng parturition. Just before the young are bom she be*T 
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restless, although she lies quietly while the young are 
emerging, elevating her tail and extruding them one at a 
time. The entire process may consume from a few minutes 
to more than an hour. When large numbers of young are 
Produced they usually arrive in series of about a half dozen, 
with a rest period of several minutes between each group. 
Each snake is enclosed in a thin transparent membrane at 
birth, which it ruptures, and then sallies forth, ready to shift 
for itself from the start. The mother takes no interest in 
her young after they are bom. 

Egg-laying species deposit their eggs in a variety of situa- 
hons, usually deserting them to hatch of themselves. Decay- 
®g vegetation, rotting logs, manure piles, and holes in em- 
bankments are the sites usually chosen. The actual process 
nest building has rarely been witnessed under natural 
c onditions. In some species, notably the ring-necked snakes, 
a number of females often lay at the same site, so that large 
Pumbers of eggs may be found together. 

There is much variation in the number of eggs laid by a 
s Pecies, and also considerable variation in the size of the 
.'Sgs in a clutch. The eggs (Plate 7 ) are elongate, white 
81 color when laid, and covered with a tough leathery shell. 
The eggs of some snakes adhere tightly to one another, 
■'bile those of other snakes are free. The eggs are surpris- 
' n gly large in small species, those of the little smooth green 
Sr >ake measuring an inch in length while those of the bull 
Stia ke are only a little more than two inches long. 

Eggs are laid during June and July, sometimes even into 
** r b r August. The incubation period depends on the stage 
fjt " development of the embryo at laying and on the tem- 
kfature at which the eggs are kept. Consequently there is 
definite period of incubation for any species. Eggs have 
known to hatch within four days after they were laid, 
'bile at the other extreme more than three months were 
e 1uired. In general, hatching takes place during August 
* n d September. The young snakes, of course, are able to 
-tn d for themselves from the start. 
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GROWTH AND LONGEVITY 

Snakes differ from most other animals in that they do not 
stop growing when they become adult. Instead their rate of 
growth merely slows down and they continue to grow at a 
gradually diminishing rate, apparently as long as they live. 
For this reason the “maximum length” of a large species 
may exceed the “average adult length” by several feet. Both 
of these measurements are given for each species, in so far 
as they are known, on the following pages. There are occa- 
sional reliable reports of snakes that so greatly exceed the 
normal limits of their species that they should probably be 
regarded as freakish giants. It is not known whether such 
giants are very old individuals that have grown slowly f° r 
many years, or whether they are caused by abnormal func- 
tioning of the ductless glands, as human giants are. 

The most obvious way of determining how fast a snake 
grows would be to measure a captive individual at regular 
intervals. Unfortunately this simple method yields very mis- 
leading results because the growth rate of snakes is affected 
by temperature, food, and other factors that would be quite 
different under natural conditions. In most parts of the 
United States snakes hibernate over winter, and growth lS 
greatly retarded or stops entirely during this period. Blanch- 
ard allowed only five growing months for snakes in north- 
ern Michigan, for example. 

The average growth rate for any species may be deter 
mined accurately by collecting large numbers of specimen’ 
during any given month, and then measuring the length 
each one. When these measurements are assembled it 
found that the length of those snakes not yet full grown ten 
to fall into several “size groups,” and each size group rep 
resents snakes of a certain age. The chief difficulty of th* s 
method is the large number of specimens required (h un 
dreds, if the results are to be accurate), and for this rea 
son the growth rate is known for very few of our snakes- 
Klauber has studied growth in the Pacific rattlesnake 
talus v. oreganus), and Blanchard in the red-bellied snake 
( Storeria occipitomaculata) . Their results on these two rc ^" 
resentative American snakes may be summarized as folio** • 




Crotalus 

Storeria 
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Length At At Av. adult Maximum 
at birth I yr. 2 yrs. length known length 
io*T 21 " 31 ^" 36-45" 54" 

3tt” 7*4" 9*4" i 3" 



These figures show that snakes grow much more rapidly 
than is usually supposed. Both of these species more than 
double their length during their first year of life, and in- 
formation on snakes from other parts of the world indi- 
cates that this is true of snakes in general. The rattlesnake 
becomes sexually mature during its third year, the red- 
bellied snake during its second. 

How long will a snake live? This question is even harder 
*o answer than are questions as to growth rate. Our only 
^formation is based on records of captive individuals, and 
these figures may vary widely from the normal life span 
*®der natural conditions. In 1925, Major S. S. Flower pub- 
lished a summary of all the known records (chiefly from 
the London Zoo) of snakes that had survived ten years or 
knger in captivity. The following list, taken from his paper, 
S'ves the longest (not average) period that various snakes 
have lived in captivity. 



Boa constrictor 


.... 23 


years 


European viper 






Reticulated python — 




* 


Water moccasin 






Pilot blacksnake 


.... 14 


a 


Cobra 


.... 13 


M 


Rattlesnake 


.... 13 


it 


Garter snake 




U 



Slower concluded that any snake will probably die of old 
soon after twenty years. Some kinds of snakes, of 
^'tfse, would succumb to old age much sooner. 



SKIN SHEDDING 



One of the most characteristic features of snakes is that 
* t intervals they literally “crawl out of their skins,” leaving 
“* e cast skin behind as a ghostlike replica of themselves. 
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Such semitransparent skins are often found by those who 
visit places frequented by snakes. Klauber reported finding a 
dozen recently shed skins around a single boulder, where a 
group of snakes had apparently had a skin-shedding ren- 
dezvous. Such a find is most unusual ; ordinarily cast skins 
are found singly. 

Careful examination of one of these skins reveals that 
every minute detail of the outer surface of the snake is 
faithfully preserved, even to the transparent circular win- 
dows that cover the eyes. The skin that covered each scale 
looks like a tiny lens, surrounded by a raised network of 
thinner skin that represents the folds that lay between the 
scales. Often it is possible to identify the species to which 
the skin belonged. 

Robert M. Stabler kept a careful record of the frequency 
with which a group of twenty-one captive snakes shed. H' s 
records ( Copeia , 1939:227) show that during the warm si* 
months (late spring, summer, and early fall) when they 
were active these snakes molted at quite regular intervals o^ 
one and a half months, irrespective of the species. 

Molting in snakes consists of shedding the outermost lay eI ^ 
of skin (the cuticle), which of course has been replaced b> 
a new layer of cuticle that develops from below. Ten da> ’ 
or so before it sheds, the snake’s eyes become milky an 
opaque, looking as if they were filled with smoke. The 
snake is blind at this time. The colors on the body are als° 
much dulled, so that the snake has a drab and dirty appeal 
ance. About a week before molting the eyes become clea f 
again. 



The old layer of skin first begins to loosen about the he2 
and by rubbing its head against stones, shrubbery, or oth 
objects the snake works the skin back, turning it inside c 
as it goes. By a combination of wavelike muscular co 
tractions and by rubbing its body against surrounding c 
jects, the snake gradually strips the skin back over its b<* 
turning it mside out as it peels off. The shed skin is i" t: 
except for the mouth and anal openings. The process 
much as if a stocking were grasped at the top and cai 
lessly stripped off by turning it wrong side out. Since > 
ea cutic e is not elastic, it is interesting to note that 
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snake would be unable to perform this feat of shedding its 
s kin in one piece were it not for the fact that the folds that 
extend down between the scales, by flattening out as the 
skin peels off, increase the diameter of the skin, much as a 
Pleated skirt may be increased in size by unfolding the 
| Pleats. 

Skin shedding is closely related to the formation of the 
Rattle in rattlesnakes, since the substance of which the rattle 
15 composed is merely a modified area of the cuticle of the 
A new segment is added to the rattle each time the 
s kin is shed. (For an excellent discussion of the function, 
structure, and formation of the rattle, see L. M. Klauber, 
^40, Occ. Papers San Diego Soc. Nat. Hist., No. 6). 



DEFENSIVE AND WARNING BEHAVIOR 

Nearly any snake will try to escape a pursuer if given 
f 4 ' 1 " a chance, although rattlesnakes often stop and assume a 
tensive coil while a person is still some distance away, 
kthaps because their large size, heavy bodies, and slow 
Movements make flight difficult. 

^ hen snakes are cornered or seized, however, they usually 
• ei end themselves in a variety of ways, and definite types 
defensive behavior are sometimes very characteristic of 
trt ain kinds of snakes. Some snakes, like the little smooth 
* ree n snake, are so mild-tempered that they may be picked 
'P and handled without any sign of resentment. 

-'dost snakes, like other animals, do not hesitate to bite in 
defense, and biting is by far the most general way 
.^kes have of defending themselves. Biting becomes a very 
Ridable means of defense if the snake is armed with 
, Poison apparatus, but the vast majority of snakes do not 
^ess this lethal weapon. In all harmless snakes the teeth 
numerous and needle-sharp, and produce only a group 
, l ’ny punctures. These punctures bleed very profusely, ap- 
' 4r tntly partly because the snake’s saliva retards or pre- 
coagulation of the blood, and consequently the wound 
likely to look much more dangerous than it really is. 
a few of our snakes, such as the larger water snakes 
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of the South, are likely to inflict a wound that is more than 
a trivial scratch. 

Snakes have a second very common and widely distributed 
way of defending themselves— pouring out the secretion of 
the anal scent glands. This secretion, which has a penetrat- 
ing musky or occasionally sweetish odor and is colorless, 
whitish, or yellowish in color, is produced by a special pain 
of glands located in the base of the tail. It is often sup- 
posed to be feces because it passes out through the vent, but 
it has nothing to do with the digestive system. This evil- 
smelling liquid, which is smeared about liberally by the 
thrashings of the snake, should be quite effective in dis- 
couraging an animal that had seized the snake with the in- 
tention of eating it. There is much variation in the readiness 
with which this defense mechanism is employed. Garter 
snakes and water snakes rarely fail to use it, while many 
other snakes seemingly never do although their rcent glands 
are just as well developed. 

Some snakes rear up and strike at an intruder, and large 
snakes such as pine snakes or bull snakes may put on 3 
spectacular display. Each strike is often accompanied by 3 
hiss, which in the case of hog-nosed snakes or bull snakes 
may be so loud that it sounds like escaping steam. 

Many snakes, instead of rearing up in order to look 
threatening, keep their bodies on the ground but flatten 
themselves out as much as possible. This makes the snake 
look much bigger than it really is, and at the same time 
nia 'es the pattern more conspicuous by revealing the ski* 1 

etween the scales. Such flattening reaches an extreme 
Kirtland’s water snake, where almost the whole body may 
be flattened out until it looks no thicker than a knife blade- 
The hog-nosed snakes do this only with the fore part of the 
body. 

The reverse of flattening consists of inflating the body 
with air until it is as large as possible. In some tropic 3 ’ 
er . e are s P ec ’ a l thin-walled air sacs connected with 
the wind pipe, and in these snakes only the fore part of the 
body ,s inflated. Inflation may be seen to best advantage * 
the hog-nosed snakes among American snakes. In these 
snakes the whole lung is distended with air, so that the 
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snake looks like a toy balloon. The air is then exhaled with 
a loud and prolonged hiss. 

The most famous warning behavior of snakes is the 
nettling of rattlesnakes. This unique and remarkably effective 
behavior is much easier to understand when it is known that 
a great many kinds of snakes vibrate their tails exactly like 
rattlesnakes when they are nervous. This habit is very char- 
acteristic of the king snakes and the rat snakes, for example. 
* ! " the snake is among dry leaves it produces a sound very 
Sl mi!ar to the buzz of a rattlesnake. 

There are several unique types of defensive behavior em- 
ployed by certain snakes. Dr. Raymond B. Cowles found 
l hat a rattlesnake placed in a cage with a king snake (which 
'l°es not hesitate to eat rattlesnakes) defended itself by 
Pushing at the king snake with a loop of its body, much as 
a Person might thrust someone away with his elbow. The 
^ttler responded in the same way to the presence of a 
^' u nk, and recently a massasauga in the laboratories of 
Museum exhibited exactly the same behavior when 
^fronted with a king snake. The rubber boa, if annoyed, 
° :te n rolls itself into a compact ball with its head in the 
^oter, and blue racers, whip snakes, and even garter snakes 
av e been seen to hide their heads under their coils if they 
*‘ e repeatedly annoyed. The ring-necked snakes ( Diadophis ) 

I “s'e the underside of the tail colored red, and these snakes 
curl the tail up in a spiral, revealing its brilliantly 
tj l°red lower surface, when they are disturbed. 

Probably the most remarkable defensive behavior of all 
'the extraordinary death feint of the hog-nosed snakes 
®te i). This behavior is described in detail on p. 117. 



SENSES 

! J* the five senses (sight, hearing, smell, taste, and touch), 
l : sight and smell seem to be well developed in snakes. 
,^ ls often hard to tell whether a snake is seeing or hearing 
( ^sting, but by means of cleverly devised experiments we 
something at least about the senses of these animals. 
I ft. * S,0n Sfetns to be very acute in snakes, but probably 
• ca n see only for relatively short distances. A snake’s 
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eye is very similar to the eye of other animals, except tha* 
there are no eyelids ; this is why snakes have their charac- 
teristic unwinking stare, and means of course that they eve 11 
sleep with their eyes open. The lens can be focused sharp!) 
on objects at various distances (an important feature in a” 
animal that stalks its prey), and Dr. Gordon L. Walls dis 
covered that the lens in snakes that prowl by day is yello"' 
which eye doctors have long known makes vision sharps 
by filtering out the ultra-violet rays. Snakes that are acti' e 
by day have round pupils, while those that forage chiem 
at night have pupils that are vertical and catlike. ComP afe 
the eye of a whip snake (Fig. 29) with that of a rattlesna* e 
(Fig. 101). { 

Snakes are totally deaf, so that the old expression “d e * 
as an adder” has a foundation in fact. It is hard to te 
whether or not a snake is hearing a sound, but several P^. 
sons have taken advantage of the extreme nervousness 
certain snakes to prove that they could not hear. F* ’ 
Manning selected a group of particularly nervous rat* 
snakes, so sensitive that the appearance of even a 
from behind the blind concealing him from the snakes 
cause some of them to rattle, and found that they were ’ if 
different to a loud noise made within a few inches of 1 
heads. Colonel Wall covered the eyes of some r - e ('_ 0 
cobras with adhesive tape, and found that they then P :1 ‘ 
attention to such sounds as the blowing of a bugle or be ^ 
ing on a large empty tin can, although the scraping 0 j, 
chair or a footfall (which would transmit vibrations thro 
the floor) caused them to rear immediately. It is of e° u ^ 
possible that snakes can hear sounds above the l' 111 ' 1 
human audibility, but this apparently has never been £ 
\\ e have seen that smell is an important factor io a , 3 
snakes to follow their prey. Rattlesnakes, after strikn^, 
rabbit or a mouse, lie quietly while the doomed vl ^ 
staggers away. Some moments later the rattler picks ll P ^ 
trail left by the animal, following it like a hound untl e ll 
finds his waiting meal. Experiments have shown that s ^ 
is also important in helping snakes to recognize other ( 
bers of their own kind, and to recognize the sex of 
individuals. 
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Anyone who has watched a live snake knows that snakes 
c °ntinually flick their tongues in and out. This is partly an 
J id in smelling. The delicate tips of the tongue pick up 
minute particles and transfer them to two tiny cavities in 
the front of the roof of the mouth. These pits, which are 
feed with delicate sensory cells and are known as the 
Jacobson’s organ,” are a special derivative of the smelling 
^ea of the nose and are not developed in man and other 
8 'ammals. The tongue itself cannot smell, of course, but 
Merely carries the particles to the Jacobson's organ. 

All snakes are covered with homy scales, and conse- 
quently the skin is much less sensitive to touch than ours is. 

was pointed out above that many male snakes have 
special sensory structures on their chins, and many other 
^sle snakes have similar structures on the sides of the 
My near the base of the tail, which assist them at the 
fe>e of mating. The most important sensory structure in 
• 5a kes, however, is the delicate tongue, which is not a 
linger” as is often supposed, but a very sensitive organ of 
to 'Jch. When a snake flicks its tongue in and out the two 
^e tips are touched lightly to the ground, and the snake 
fes keeps itself informed as to the nature of the ground 



Vtr which it is crawling. 



Snakes apparently have no sense of taste, which is scarcely 
Arising since taste would be of little use to an animal that 
***Hows its prey whole, without any chewing. The sense 
* taste is located in the tongue in other animals, and as 
- have seen, a snake’s tongue is greatly modified to serve 
'fer functions. Taste buds seem to be entirely lacking. 



"fee facial pit situated on either side of the face in rattle- 
and their relatives (see Fig. 9) is a special sense 
'‘**U used in detecting delicate heat waves, and experi- 



I 




, strike. They are described in more detail on p. 281. A 
of somewhat similar pits (called labial pits) is found 
‘ Jt >8 the edge of the upper lip in many tropical boas. 










COLLECTION, PRESERVATION, 
AND THE STUDY OF SNAKES 



HOW TO LOOK FOR SNAKES 

Snakes may be extremely difficult to find, even when con- 
siderable numbers are known to be present, and this is true 
even of the tropical forests which in popular imagination 
are thought to be alive with serpents. Museum collectors ° n 
their first trip to a tropical region always comment on the 
scarcity of snakes. In our temperate region the numbers 
of the larger species are now greatly reduced throughout 
the cultivated sections of the country, and there is much 
local variation in the abundance of the smaller and more 
secretive species that remain. A few snakes, like the common 
garter snake in the East and the plains garter snake in the 
Middle West, are abundant everywhere, even in suburban 
backyards and vacant city lots. In general, the capture 0 
the larger snakes, except for water snakes, is a matter o 
chance, while the smaller forms are best found by searching 
beneath logs and stones. The abundance of the comm 011 
forms is remarkably seasonal. After seeing numerous spe u 
mens in the spring, one scarcely finds a snake through th e 
summer. 

Natural cover, such as is provided by loose stones or h. 
rotting logs, is so scarce in more settled regions that snake 
can most easily be obtained by providing a substitut 
Squares of linoleum, roofing, tin, or better still of boa r * 
supported by one-inch cleats, set out in vacant lots in s u 
urban regions seem to collect snakes as if by magic; ar ‘_ 
this simple device makes it possible to observe snakes ,n 
stead of collecting specimens. 

Snakes are often found on roads at night, as is espec ' 3 
evident from the mangled remains found in daytime driving 
Mr. L. M. Klauber, of San Diego, California, has develop* 
the technique of collecting snakes by cruising suitable rc# a 
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(“black top” pavement is best) at night at slow speed. He 
finds that many specimens are not seen at all at higher 
speeds and in the time consumed in stopping and running 
tack, many specimens will have escaped. At slower speeds 
one sees every object on the road (including the “stick 
snake,” the “banana peel lizard” and, most deceptive of all, 
the “fan belt snake”) and can stop and investigate it. Any 
effective collecting by this means demands a system of 
locality records based on the speedometer readings. A speci- 
men found “dead on road” is referred to by Klauber as a 
“DOR,” and this useful term may well be adopted into 
the language as "dor.” On a little-used road, at the height 
of the spring season of abundance, one may find great num- 
bers of snakes by this means, and species thought to be 
e *tremely rare have been collected in great numbers. It is 
es sential that such snake hunting be confined to little used 
r oads, for driving at ten miles an hour on a trunk highway 
15 highly dangerous, and against the law in many states. 

In the plains region of the Middle West much useful data, 
J kng with occasional preservable specimens, may be accu- 
mulated during daytime touring at normal driving speed if 
fits time consumed by frequent stops to pick up or identify 
! l*ocimens can be spared. A day from the log of a trip made 
the authors from Chicago to Boulder, Colorado, is given 
Vlow as an example of the way in which data may be 
'horded. The numbers are speedometer readings, by means 
rj ‘ which the exact localities of specimens can be determined 
‘ r °tn road maps. 

*' J g. io, 1941. Weather fair and very warm. Leave Home- 
wood, Illinois, 1 :oo p.m. Across Illinois and eastern fifth 
°f Iowa on U. S. 34. No reptiles seen. (Average driving 
! Peed 50 m.p.h.). 

11. Weather fair and very warm. Across Iowa on 
S - 34- 

Coluber c. flaviventris, DOR at eastern edge of 
^Ibia, Monroe County, Iowa. Typical Iowa farming coun- 
l D. (Entire specimen saved). 

3808 3—Lampropeltis calligaster DOR. Cornfield one side 
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of road, pasture on other, snake on cornfield side. (Speci- 
men saved). 

38093 — Chariton. 

38124 — Lampropeltis calligastcr c? DOR. Cornfield-pas- 
ture, snake on cornfield side. Ventrals 200, Caudals 49- 
dorsal blotches 43 4- 13. 

38129 — Lampropeltis g. holbrooki <$ DOR. Open pasture 
both sides, Y% mile above creek. V 21 1, C 51, belly pos- 
teriorly more than half black. 

38144 — Afton. 

38146 — Pituophis s. sayi, yg. adult DOR. Marking 5 
black on neck, reddish-brown to center of body, darker 
posteriorly. 

38175 — Corning. 

38181 Pituophis s. sayi DOR. Open pasture both sides- 
1:00 P.M., but specimen fresh! (saved). 

38201— Thamnophis radix $, DOR Alfalfa-farmyard- 
\ . 151. Dorsal stripe orange anteriorly, yellow posteri- 
orly ; spots at ends of ventrals small and rather isolated- 
38206— Red Oak. 

38217 Pituophis s. sayi, DOR immediately west of Em 
erson. Hayfield-pasture. Specimen not saved. 

Pitouphis s. sayi, DOR just west of preceding spec' 
men. Comfield-hayfield. Not saved. 



38233 Elaphe? DOR (very flat), Cornfield-pasture- 
Head, section at midbody, and tail saved. 

38245— Iowa-Nebraska state line, Missouri River. 



It is possible to catch most snakes by hand, but a suitable 
snake stick is essential for handling poisonous forms. The 
most practical kind is a three- or font- foot staff of broom' 



HOW TO CATCH SNAKES 
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A most essential item of equipment to the snake collector 
■s a set of cloth bags of assorted sizes with tapes or strings 
"wed on at the open end so that they can be securely tied. 
Sugar, salt, and flour sacks, if carefully inspected for holes, 
"rve excellently for this purpose. 



Fig. 5. “Snake sticks” for handling snakes. 
(Above) Stick with leather loop, which is passed 
over the snake’s head. (Below) Stick with iron 
hook, by means of which poisonous snakes may be 
held down or lifted. 

Fi collecting specimens for museum preservation, espe- 



specimens so preserved form the reference or study 
n ions maintained in large museums independent of 
exhibition series. Studies on the relations and dis- 






Cl ally poisonous snakes or water snakes that are likely to 
'scape into deep water, a .22 caliber pistol is most useful, 
■°oting shot cartridges. A pistol with a ten-inch barrel and 
the barrel smooth bored is excellent and one with a 
"*• or eight-inch barrel provided with an aluminum exten- 
“ rj n barrel is ideal. 



PRESERVATION' OF SPECIMEN'S 



. ^ is often desirable to preserve a snake for future ex- 
amination and study or for permanent preservation as a 

' -seum Qn/»rimf»n Thp nrHinarv mrthnrle n f favJ^prmv on- 




; juarLC smiis die 4U11C uuMusiduin y, <uiu u luis 

'he practice of the larger museums to prepare models 
■ . s oakes intended for exhibition in wax, plaster, or cellu- 



■ . 'oakes intended for exhibition in wax, plaster, or cellu- 





may exhibit specimens preserved in alcohol or formalin, 

S TV 4 f * 1 F V 1 a e rt e A C y 1 * * ewi ♦ i ' i* M t — JUX AA #— 
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tribution of the species of snakes are based on such re- 
search or reference collections, and are carried on in most 
of the larger museums of natural history and in many 
colleges and universities. If it is desired to have a specimen 
identified by an authority at such an institution, a well- 
preserved specimen will be a welcome exchange for the 
trouble; and no “authority” suffices to identify a snake 
from a description like “gray with darker spots and with 
a yellow belly,” unaccompanied by a specimen. 

PRESERVATIVES 

The two preservatives most used for the preservation of 
zoological specimens are alcohol (i.e., grain or ethyl alco- 
hol), and formalin. The high cost of grain alcohol, unless 
denatured, places it out of the reach of most private collec- 
tors, who are thus driven to the use of formalin. The 
solution most recommended is made by mixing I part of 
formalin (full strength, as purchased at the drugstore) 
with 9 equal parts of water. Alcohol is essential for perma- 
nent preservation, and all formalin specimens are trans- 
ferred to alcohol in museum collections. Formalin specimens 
should be soaked in water for several days before transfer* 
ring to alcohol. 

Museum collectors usually kill their specimens by dro" 11 
ing them in the preserving fluid, keeping them beneath the 
surface in a cloth sack; or by injecting a little preservat>' e 
in the region of the heart with a large hypodermic syringe- 

It has recently been found that snakes are quite prompt ) 
killed if placed in a tight jar with a layer of the commo' 1 
moth repellent dichloricide” on the bottom. 



PRESERVATION 

After killing, it is essential that the specimen be well 
jected with the preservative if a syringe is available, 0 
that the body wall (the belly) be slit for the entry of 
preservative into the body cavity, with a further slit in th 
tail. The slits should be longer than the spaces bet" ee _ 
them. The next step is to place the specimen, coiled neat" 
and belly up, in a bottle or tin container. The specimen ^ 
be preserved should not be crowded or pressed again 5 
others, and there must be a good amount of the preset' 111 
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fluid in proportion to the volume of the specimen. It is well 
to press specimens that have been slit to remove air bubbles 
and assure the free entry- of the preservative. Glass mayon- 
naise jars are convenient containers for small specimens. 
For larger snakes, the gallon size friction top cans or pails, 
w which syrup is often sold, are most satisfactory for 
Preservation while in camp or away from home, while 
assorted sizes of the glass “mayonnaise jars” (up to a gal- 
lon) are most useful at home for a permanent collection. 
Glass-topped fruit jars, especially the wide-mouthed type, 
are also satisfactory for permanent storage, (but do not 
rome in gallon size). Snakes too large for the gallon tin 
0r jar offer a difficult problem for the collector. The first 
Suggestion is to remove the viscera of such larger specimens. 
If still too large for the containers available, the best solu- 
l| on lies in skinning out the body, leaving the head and tail 
b’dre and connected to the skin, rolling the whole loosely, 
* n d preserving. Such rolled skins require examination dur- 
“sg the first day in the preservative to see that it reaches 
of the surface ; a tightly rolled skin may decay even in 
s; rong preservative. Finally the head alone is worth pre- 
Sf rving, especially if the scale counts (see p. 74) are made 
5n d the sex is carefully determined before discarding the 
t>ody. 

Specimens placed in the preservative become hard and 
r, gid within 24 hours, and if they do not, further opening of 
specimen and removal to fresh formalin is necessary. 
p* principal difficulty in preservation in general arises with 
specimens that have been dead for some time before the 
i>r °cess of preservation begins ; a stronger solution may be 
Pessary to save such a specimen, or it should be discarded 
e * c *pt for the head. Snakes with a lump of food in the body 
'Puuld have this removed, either by carefully forcing it 
Jf Ward and out of the mouth by “palping” with the finger 
‘‘‘A thumb (which can easily be done when the snake is 
*‘ 1Ve ), or through a slit if the specimen is dead. Such food 
brains often form a focus of decay that is difficult to 
' rr est; if possible, such stomach contents should be pre- 
£ r ’ Ve d separately and labeled to correspond with the snake 
' rjni which they come. 
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LABELING 

Labeling of specimens for any permanent collection is 
necessary and by no means simple. Individual tags of water- 
proof paper may be purchased from the Dennison Manu- 
facturing Company, Chicago (“fibre waterproof tags”). 
These tags do not become soft in liquid; it is best to write 
on them with Higgins Eternal Ink. It is customary to tie a 
knot in the thread that attaches the label at about Vi of an 
inch from the label. The minimum information required is 
the locality, date, and collector’s name. If a catalogue is 
kept, the tag may be numbered and a corresponding entry 
made in the catalogue book. This should include further 
information about the place and mode of capture, the be- 
havior of the specimen, etc. 



SHIPMENT 

Once well preserved, specimens may be forwarded to 3 
museum with no other liquid than that of damp rags or 
newspaper in which they are packed, thus making the con- 
tainer much lighter to transport. 

It should be noted that the sending of live snakes through 
the mails is prohibited, whether they be poisonous or not. 
Live snakes may be shipped by express, in any well-made 
wooden box. They should always be placed in cloth sacks 
(like sugar or flour sacks) within the box, since active 
species, will injure themselves seriously by rubbing their 
noses in attempts to escape. It is important that any ship' 
ment of poisonous snakes be plainly marked "Poisonous 
Snakes.” 

Gloyd, Howard K., 1938, Methods of preserving and 
labeling amphibians and reptiles for scientific study. Turto* 
Actor, \ol. 16, pp. 19-53, 66-67. 



SUGGESTIONS FOR THE STUDY OF SNAKES 

Many young people come to a museum curator or other 
authority with questions about snakes which they assume 
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can be answered offhand or from a book. While this may be 
Possible, these people do not realize that our knowledge of 
snakes, as of most other creatures, is far from complete, 
and that it is being actively increased and corrected by 
enthusiastic students of nature. To such active students, the 
opportunity to make new observations and to correct and 
•ncrease the existing body of information seems vastly more 
■nteresting and important than the mere learning of what 
kas been set down in print. 

There is an obvious psychological pitfall for children who 
ar e attracted to the study of snakes. The fear and excite- 
ment aroused in many persons by snakes makes it easy to 
Ose them merely to secure attention. Such “exhibitionism” 
,s a natural element in most human beings, and may be 
u seful if it is a springboard to expanding and broader in- 
terests. If the desire for attention remains the mainspring 
an interest in snakes, the would-be student will develop 
a modicum of information and will use this as a kind 
01 patter on all occasions when he can find a listener. The 
centering of his interest on himself closes the door to a 
Genuine interest in his subject, focussed on what needs to be 
jearned instead of on what has been learned. Once this has 
“een developed, time for study is too precious to be wasted 
111 talk. 



OBSERVATIONS ON CAPTIVE SNAKES 

Snakes are often kept alive in a “terrarium," and the in- 
tfr est of such snake keeping can be greatly multiplied by a 
^ogram and record of observation as has been suggested by 
'■'fiord H. Pope (1937, Snakes Alive, p. 150). We may 
"xxlify his suggestions as follows: 

^ A record of each snake, kept as a catalogue of specimens. 
This should include the scientific name, sex, collector of 
the specimen, and the time and place of capture. 

^ Observation. 

'• Monthly record of length and weight (weight taken 
before feeding). 

2- Notes on feeding, with date, amount, and nature of 
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food taken; and readiness of acceptance or refusal oi 
food. Water may be offered at regular interva s an 
record made of the amount taken. 

3. Notes on the passage of excrement, especially its na 
ture (solid or liquid, color, content of hair or sea es ^ 
and the interval between feeding and passage of ex 
crement. 

4. Notes on shedding of skin, with dates. 

5. Notes on reproduction; description of any courtship 
or mating; details about laying or hatching of egg 5, 
or birth of young. 

6. Notes on disposition and intelligence, describing an. 
changes noted and especially any conditioning to t ^ 
taking of food and any recognition of prey; recogn' 
tion of the keeper; behavior toward an enemy (e;p e 
daily a snake-eating king snake, for example). 

Only trained students with expensive laboratory facility 
can undertake experiments with snake venom. The amate 
student should keep a record of any cases of snake 1 
occurring in his vicinity, with names, dates, and as mu 
“case history” as possible. ^ 

Careful record of the popularly current superstitions an 
fables about snakes is of interest as folklore. 



FIELD OBSERVATION OF SNAKES 

Observation of snakes in the field should be a natuf* 
outgrowth of any interest in the subject. The only essent' 1 ^ 
equipment is a notebook, which should be permanent an 
which should be faithfully kept. A study of the jourfl^ 
Copeia will provide a great variety of suggestions for 
servation as will an examination of the gaps under ^ 
various headings under individual species in the pres 
book, in which the word “unknown” appears all too of te ^ 
The use of snake shelters made of boards or squares 
roofing suggests a whole series of questions, such as 



th« 

si*' 



distances to which snakes wander; their recurrence in 

♦Vidl* 

cessive years; the location of their hibernating places; 
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numbers, and especially fluctuation of their numbers; their 
food ; and their breeding habits, both as to courtship and 
noting and their production of eggs or young. 

Recently taken food, usually evident as a considerable 
kulge in the snake’s body, can be examined without injury 
|° the snake by “palping” with the thumb and fingers, press- 
ln ? the snake’s body at a point just behind the food, and 
following it up as it moves forward until it is disgorged. 





C D 

. '8- 6. How to mark living snakes for future recognition 
scarring scales on underside of tail. A. Points of scissors 
I? Position to clip scale No. S- B. The scale nearly cut off. 
• Fresh scar after clipping scale. D. Old scars on snake 
marked “5-3.” (Modified from Blanchard). 

A method of marking individual snakes consists in clip* 
two or more scales beneath the tail with a sharp 
j Is$ ° r s and recording the number of such scales as counted 
j 0nj the anal cleft. (See Blanchard, F. N., and Finster, 
j I B., A method of marking living snakes for future 
^PSnition with a discussion of some problems and results, 
Vol. 14, pp. 334-347, 7 figs.). The snake must be 
I I** firmly, lower side up and tail pointing away from the 
i f . r. The left side of the snake is then at the operator's 
1 a °d the right at his right. With a sharp-pointed scissors, 
^ firmly against the scale, nearly the whole scale can be 
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cut away. It is essential that the cut be deep enough to take 
most of the true skin beneath the scale (down to the muscle 
layer) or no permanent scar will be formed; the cut will 
rarely draw blood, but no harm is done if a little blood is 
lost. Count backward from the anal cleft to the scale de- 
sired, say the fourth, on the left side, clip it, and then clip 
a scale on the right that represents a new number, say the 
sixth. The catalogue number of this snake will then be 
L4-R6 (or simply 4-6). If large numbers of snakes are 
marked, two or three scales may be clipped on one side! 
a sample number would be L4-R6, 8, (or 4-6,8). This allows 
enough combinations for hundreds of different numbers- 
The equipment necessary is a notebook, a meter or yard' 
stick, a small pair of sharp scissors, and if possible, scale* 
delicate enough to weigh at least to ounces (laboratory 
scales weighing to a gram are best). If the snake is to be 
weighed, a cloth sack of known weight is used to confix® 
it. In measuring a living snake it is necessary to stretch 
it along the yardstick holding it until spasmodic contrae 
tions of the body are no longer made. The measurement w>- 
be accurate only to the nearest inch (or centimeter), h 1 ’ 1 
this is much better than no measurement at all. 

From such marking experiments we may expect to lca r:1 
about the rate of growth under natural conditions ; 
length of life; the extent of the home territory of individ ii ^, 
snakes ; and something about their capacity for “homh 1 £' 
Thus far, this method of marking has been applied in • 
a few localities, and returns of marked snakes after 
considerable interval are astonishingly few. It is especis' 1 ' 
applicable, however, to backyard study with board shel te ‘‘ 
and offers an immediate suggestion to any boy or girl " ^ 
wishes to engage in the study of the habits of snakes, & 
to more advanced students as well. 
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The study of snakes in the past has been mainb' 
effort to define the species and subspecies by means of - 
seum specimens. These are studied for the inform^ 
they afford on the variation of the external characters 
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scribed above in the chapter on external characters, and pro- 
vide locality records which define the geographic distribu- 
tion of the forms in question. Identification of such speci- 
mens is ordinarily made by means of “keys” such as that at 
the beginning of the systematic section of this book, and the 
Use of such a key makes it necessary to learn the terms de- 
fined. The key itself must then be read with attention to both 
alternatives under each number, and with the specimen at 
hand; each half of the numbered sections asks a question 
which must be answered from the specimen, and this answer 
leads either to the genus (as in our key to the genera) or 
to that of the species or subspecies, as in more detailed 
keys. 

Examination of the teeth of snakes, which has not been 
emphasized in our keys, becomes a necessity if exotic species 
are to be studies ; the teeth of a large snake can be counted 
with the naked eye and without removing the jaw. For 
smaller specimens a hand lens is necessary and a binocular 
microscope is better. The jaw of a specimen can be clipped 
°ut by means of a cuticle scissors ; the teeth are then quite 
Concealed in the gum, but become evident if the jaw is dried. 
It the gum tissues are teased away with a needle some loose 
teeth are quite certain to be lost, but with attentive ex- 
*mination of the bone their place of attachment can be 
seen. The characters to be recorded are: grooving of the 
Posterior teeth ; enlargement of certain teeth ; gaps in the 
tooth row (frequent before the grooved fangs in groove- 
ranged snakes) ; and the number and relative length of the 

teeth. 

Aside from the use of scale counts of snakes for the iden- 
tification of specimens, such data is accumulated for the 
r Uore detailed study of the species. When it is realized that 
tke limits of variation are known only for a minority of 
|ke species and that there are still many kinds of snakes 
'n the United States known from only a few specimens, it is 
Rodent that much more such information needs to be accu- 
mulated. The accompanying figure shows all that is known 
the variation in scale characters of the Arizona coral 
na ke, Micruroidcs euryxanthus. Large numbers of scale 
'mints of the common garter snakes were necessary before 
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" could be discerned that the number of ventral plates in 
this group is higher in males than in females, the reverse 
°f the usual condition. When sufficient series of specimens 
ar e available, their characters can be subjected to statistical 
a, <alysis in renewed and more accurate studies of populations 
ln d of geographic variation (see Klauber, A statistical 
study of the rattlesnakes. Occ. Papers San Diego Soc. Nat. 
Hist. 1936-1940). 

The identification of snakes from foreign countries and 
Specially from the tropics is still difficult because sum- 
marizing works and keys to genera and species are still 
Ranting or inadequate. The snakes of tropical regions are 
m fact only beginning to be adequately described, and 
munerous “new' species” still remain to be discovered or 
'•'fined. Exotic specimens should be submitted to a specialist 
a museum, or if possible, taken to the museum and iden- 
hfied with his aid. 

detailed knowledge of the distribution of animals in many 
5 }ates has been built up by means of local and county lists. 
“ er c is room for much study of this kind, and carefully 
, *n up local lists afford a framework into which much 
^cellaneous observation can be incorporated. Every ama- 
, <Ur should own the publications in his field of interest of 
15 °wn state (and of the adjacent states also). The list of 
i" 1 state publications on snakes at the back of the present 
, by the extraordinary unevenness of date and of merit 
the various titles, is a challenge to local naturalists, 
glance at the maps in the present book, or at those in 
} ' r B technical works, will show that the outlines of the gco- 
^Pnic range of most species of snakes are only very im- 

. Ic ctly known. The studies of L. M. Klauber have 
"odi 



u ced unusually accurate maps of the ranges of the 



of southern California, and the distribution of the 
ijCsnakes, which attract general interest everywhere, has 
1 



V rat * ler accurately mapped by Klauber and H. K. Gloyd. 
T ts °f distribution in general, however, are a challenge to 
S.Jtcal naturalist to improve them. Such maps often de- 
l e *cellent problems for study, as in the accompanying 
IrJ* °f 'be range of the smooth green snake, in which the 

"TOjjr . - - m 



■ons in the Black Hills and in the Rockies appear 
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10 be isolated from the main population in the Middle West, 
"bile the eastward projection of the western form of the 
8 f een snake affords important evidence bearing on the ex- 
planation of distributions (see the senior author’s paper, 
llerpetological evidence for the postglacial eastward ex- 
te nsion of the steppe in North America, Ecology, Vol. 19, 
PP- 396-407 9 figs.). This map, showing distribution of a 
s Pecies by means of a spot for each locality record, illus- 
,r ates a method of studying geographic distribution. 

Finally, the best introduction to the serious study of 
shakes, as of other groups of reptiles and amphibians, is the 
study of the two journals Copcia and Herpetologica. These 
delude numerous notes of the kind that may result from 
9 uiateur observation and afford obvious suggestions for fur- 
,er studies. For information regarding Copeia, address the 



I 

I W 



. retary of the American Society of Ichthyologists and 
pvpetologists, at the Carnegie Museum, Pittsburgh, Pa. 

er petologica may be purchased from the editors, address 
”'/• Walter L. Necker, % Dept, of Zoology, Field Museum 
1 0t Natural History, Chicago. 

The present work is based on the studies of others, and is 
provided with references to their publications in various sci- 
Igific journals in addition to Copcia and Herpetologica. 
I W n y such journals will be available in public libraries only 
1 ^ rather large cities, and in college and university libraries. 
k° s t smaller public libraries, however, can borrow from the 
, r ?er libraries; and the serious student should not hesitate 
. '°ok up such original sources by borrowing through his 
library. He should also correspond with the nearest 
t ^kble zoologist, beginning with his local high school 
f. c “er, who may be able to help him directly, or to put 
1 1 7 ' n touch with a near-by college professor, with his state 
' Ve rsit_v, or with a museum. 
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SYSTEMATIC account of the 
SNAKES OF THE UNITED 
STATES AND CANADA 




key to the genera of the 

SNAKES OF THE UNITED 
STATES AND CANADA 



HOW TO IDENTIFY A SNAKE 

If you do not know the genus of a snake to be identified 
'that is, whether it is a water snake, a garter snake, a rat 
• r ake, etc.), it is first necessary to determine this from the 
Allowing key to the genera. If the key is followed care- 
1 1®)', you will learn the group to which your snake belongs. 
n the key the name of the genus is followed by a page 
Terence and on that page you will find the snakes of that 
^Us discussed and illustrated. If there is only one species 
51 l he genus your identification will be finished, but if there 
*** several you will need to proceed further, either by 
^Paring your snake with the descriptions given or, where 
j re are many forms in the genus (as in the king snakes, 
rjr example), by continuing to trace if in a key to the 
/’'ties. It is of course necessary to start back at i a in the 
^ to the species. 

perhaps your snake will not agree with any of the de- 
/t'Ptions or illustrations given. This usually means that 
A have made a mistake somewhere in tracing it through 
•e key to the genera, and it is advisable to “run” it through 
it . key again more carefully. Occasionally an abnormal 
.yt'^ien will not “key out” no matter how carefully it is 
such a specimen should be sent to an expert if an 
^'fication is wanted. 



HOW TO USE A KEY 



Ak, 



*y is likely to look complicated and formidable if you 
r U never used one, but actually it is a simple device based 
1 series of alternative choices. In our keys you will 
81 
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notice that each entry starts with a number and a letter, and 
that each number is repeated, once followed by “a” and 
again followed by “b.” These indicate the two choices be- 
tween which you must decide, and your snake must agree 
with either a or b. 

To use the key, look first at the belly of your snake. Are 
the scales on the belly small like those of the back (i a), or 
are they widened into straplike plates (i b) ? If they are 
widened into plates (and in nearly all snakes they are), the 
3 at the end of the dotted line means “go to 3 a.” Then 
look at the side of your snake’s face and choose betw'een 
3 a and 3 b. Is there a deep pit between the eye and the nos- 
tril, as indicated by the arrow in Fig. 9? (Do not be con- 
fused by a black spot or a crease between the scales.) I* 
there is no pit (3 a) proceed to 4, but if there is a V lt 
(3 b) turn at once to 54 and go on from there. Eventually 
you will come to an entry that has the name of a gen“ s 
and a page reference at the right-hand end of the lin*- 
This is the genus in which your snake belongs, and on tb e 
page referred to you will find descriptions and illustrations* 
or another key by which you can determine the species. 

Keys look much less discouraging after they have bee° 
used once or twice than they do the first time. 
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3 a. No loreal pit (on side of face between eye and 

nostril) (Fig. 9) 4 

3 b. Loreal pit present (Fig. 9) 54 




4 a. No elongate paired chin shields between lower 

labials (Fig. 10) 5 

4b. Two pairs of well-defined chin shields between 

lower labials (rarely only one pair) (Fig. 10) . 6 





Chin shields present. 



Scales of top of head all small ... Lichanura, p. 96 
^ Scales of top of head enlarged Charina, p. 98 

$ 

*• A single internasal shield 7 

k' Two intemasals 



9 




